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SOCIETY AN ORGANISM.' 

BY tIERBERT SPENCER. 

HE question, What is a society ? has to be asked and answered 
at the outget. Until we have decided whether or not to regard 
a society as an entity, and until we have decided whether, if regarded 
as an entity, a society is to be classed as absolute|y unlike all other 
entities or as like some others, our conception of the subject-matter 
before us remains vague. 
It may be said that a society is but a collective name .for a num- 
ber of individuals. Carrying the controversy, between nominalism 
and realism into another sphere, a nominalist might affirm that,-just 
as there exist only the members of a species, while the species con- 
s;dered apart from them has no existence, so the units of a society 
alone exist, while the existence of the society is but verbal. -Instanc- 
ing a lecturer's audience as an aggregate which, by disappearing at 
the close of the lecture, proves itself to be not a thing _but only a 
certain arrangement of persons, he might argue that the like holds 
of the citizens forming a nation. 
But, without disputing the other steps of his argument, the last 
step may be denied. The arrangement, tenpor,ry in one case, is 
lasting in the other; and it is the permanence of the relations among 
component parts which constitutes the individuality of a whole as 
distinguished from the individualities of its parts. A coherent mass 
broken into fragments ceases to be a thing; while, conversely, the 
stones, bricks, .nd wood, previously separate, become the thing called 
a house if connected in fixed ways. 
Thus we consistently regard a society as an entity, because, though 
formed of discrete units, a certain concreteness in the aggregate of 
 From advance-sheets of the "Principles of Sociology," Part II., "The Inductions 
of Sociology." 
VOL. x.l 
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tributing agencies are acting ; that the controlling powers, govern- 
ments, bureaus judicial officers, police, must fail to keep order when 
the necessaries of life are not supplied to them by the parts kept in 
order--we are obliged to say that this mutual dependence of parts is 
similarly rigorous. Unlike as the two kinds of aggregates are in 
sundry respects, they are alike in respect of this fundamental char- 
acter, and the characters implied by it. 
How the combined actions of mutually-dependent parts constitute 
life of the whole, and how there hence results a parallelism between 
national life and individual life, we see still more clearly on learning 
that the life of every visible organism is constituted by the lives of 
units too minute to be seen by the unaided eye. 
An undeniable illustration is furnished us by the strange order 
_Tyxomycetes. The spores or germs produced by one of these forms 
become ciliated monads which, after a time of active locomotion, 
change into shapes like those of amoebae, move about, take in nu- 
triment, grow, multiply by fission. Then these amoeba-form indi- 
viduals swarm together, begin to coalesce into groups, and these 
groups to coalesce with one another, making a mass sometimes bare- 
ly visible, sometimes as big as the hand. This plasmodium, irregu- 
lar, mostly reticulated, and in substance gelatinous, itself exhibits 
movements of its pa.rts like those of a gigantic rhizopod, creeping 
slowly over surfaces of decaying matters and even up the stems of 
plants. Here, then, union of many minute living individuals to form 
a relatively vast aggregate in which their individualities are appar- 
ently lost, but the life of which results from combination of their 
lives, is demonstrable. 
In other cases, instead of units which, originally discrete, lose 
their individualities by aggregation, we have units which, arising by 
multiplication from the same germ, do not part company, but never- 
theless display their separate lives very clearly. A growing sponge 
has its horny fibres clothed with a gelatinous substance, and the 
microscope shows this to consist of moving monads. We cannot 
deny life to the sponge as a whole, for it shows us some corporate 
actions. The outer amoeba-form units partially lose their individuali- 
ties by fusion into a protective layer or skiu ; the supporting frame- 
work of fibres is produced by the joint agency of the monads, and 
from their joint agency also result those currents of water which are 
drawn in through the small orifices and expelled through the larger. 
But, while there is thus shown a feeble aggregate life, the lives of the 
myriads of component units are very little subordinated : these units 
form, as it were, a nation having scarcely any subdivision of func- 
tions. Or, in the words of Prof. Huxley, "the sponge represents a 
kind of subaqueous city, where the people are arranged about the 
streets and roads in such a manner that each can easily appropriate 
his food from the water as it passes along." 
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the life of the aggregate greatly exceeds in duration the lives of its 
units. The minute living elements composing a developed animal 
severally evolve, play their parts, decay, and are replaced, while the 
animal as a whole continues. In the deep layer of the skin, cells are 
formed by fission, which, as they enlarge, are thrust outward, and, be- 
coming flattened to form the epidermis, eventually.exfoliate, while the 
younger ones beneath take their places. Liver-cells, growing by im- 
bibition of matters from which they separate the bile, presently die, 
and their vacant seats are occupied by another generation. Even 
boney though so dense and seemingly inert, is permeated by blood- 
vessels carrying materials to replace old components by new ones. 
And the replacement, rapid in some tissues and in others slow, goes 
on at such rate that, during the continued existence of the entire 
body, each portion of it has been many times over produced and de- 
stroyed. Thus it is also with a society and its units. Integrity of 
the whole and of each large division is perennially maintained, not- 
withstanding the deaths of-component citizens. The ibric of living 
persons, which, in a manufacturing town, produces some commodity for 
national use, remains after a century as large a fabric, though all the 
masters and workers who a century ago composed it have 10ng since 
disappeared. Even with the minor parts of this industrial structure 
the like holds. A firm that dates from past generations, still carry- 
ing on business in the name of its founder, has had all its members and 
employs changed one by one, perhaps several times over, while the 
firm has continued to occupy the same place and to maintain like rela- 
tions to buyers and sellers. Throughout we find this. Governing 
bodies, general and local, ecclesiastical corporations, armies, institu- 
tions of all orders down to guilds, clubs, philanthropic associations, 
etc. show us a continuity of life exceeding that of the persons consti- 
tuting them. Nay more. As part of the same law, we see that the 
existence of the society at large exceeds in duration that of some of 
these compound parts. Private unions, local public bodies, secondary 
national institutions, towns carrying on special industries, may decay, 
while the nation, maintaining its integrity, evolves in mass and structure. 
In both cases, too, the mutually-dependent functions of the various 
divisions, being severally made up of the actions of many units, it 
results that these units, dying one by one, are replaced without the 
function in which they share being sensibly affected. In a muscle 
each sarcous element wearing out in its turn is removed, and a sub- 
stitution made while the rest carry on their combined contractions as 
usual; and the retirement of a public official or death of a shopman 
perturbs inappreciably the business of the department or activity of 
the industr in which he had a share. 
Hence arises in the social organism, as in the individual organism, 
a life of the whole quite unlike the lives of the units, though it is a 
life produced by them. 
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significance--a contrast fundamentally affecting our idea of the ends 
to be achieved by social life. 
Though the discreteness of a social organism does not prevent sub- 
division of functions and mutual dependence of parts, yet it does 
prevent that differentiation by which one part becomes an organ of 
feeling and thought, while other parts become insensitive, tiigh ani-. 
reals, of whatever class, are distinguished from low ones by complex 
and well-integrated nervous systems. While in inferior types the 
minute scattered ganglia may be said to exist for the benefit of other 
structures, the concentrated ganglia in superior types are the struct- 
ures for the benefit of which the rest may be said to exist. Though 
a developed nervous system so directs the actions of the whole body 
as to preserve its integrity, yet the welfare of the nervous system is the 
ultimate object of all these actions, damage to any other organ being 
serious only because it inmediately or remotely entails that pain or 
loss of pleasure which the nervous system suffers. But the discrete- 
ness of a society negatives differentiations carried to this extreme. 
In an individual organism the minute living milts, most of them per- 
manently localized, growing up, working, reproducing, and dying away 
in their respective places, are in successive generations moulded to 
their respective functions, so that some become specially sentient and 
others entirely insentient. But it is otherwise in a social organism. 
The units of this, out of contact and much less rigidly held in their 
relative positions, cannot be so much differentiated as to become feel- 
ingless units and units which monopolize feeling. There are, indeed, 
slight traces of such a differentiation, tIuman beings are unlike in 
the amounts of sensation and emotion producible in them by like 
causes : here great callousness, here great susceptibility, is characteris- 
tic. In the same society, even where its members are of the same race, 
and still more where its members are of dominant and subject races, 
there exists a contrast of this kind. The mechanically-working and 
hard-living units are less sensitive than the mentally-working and 
more protected units. But while the regulative structures of the 
social organism tend, like those of the individual organism, to become 
seats of feeling, the tendency is checked by this want of physical co- 
hesion which brings fixity of function; and it is also checked by the 
continued need for feeling in the mechanically-working units for the 
due discharge of their functions. 
Hence, then, a cardinal difference in the two kinds of organisms. 
In the one, consciousness is concentrated in a small part of the aggre- 
gate. In the other, it is diffused throughout the aggregate- all the 
units possess the capacities for happiness and misery, if not in equal 
degrees, still in degrees that approximate. As, then, there is no social 
sensorium, it results that the welfare of the aggregate, considered 
apart from that of the units, is not an end to be sought. The society 
exists for the benefit of its members ; not its members for the benefit 
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The men of the Stone age early perceived the advantage of having 
a handle of some kind for their mauls, and doubtless their first expe- 
dient consisted in lashing withes around such mauls as were found 
suitable, as the blacksmith at the present day lashes withes round the 
heads of his cutting and punching tools and swages. Evidences of a 
further advance toward a perfect hammer are to be seen in stone 
mauls with holes through them suitable for handles ; and these holes 
are in some instances coned, and as well adapted for hammer-handles 
as the best-made metal tools of our day. 

FIG. 2.--PERIRAED HAEIt-HEAD OF 'ON]. 

Before inquiring into the reasons which may have led to the adop- 
tion of the various materials and forms of hammers now in use, it will 
be-well to consider the hammer in, and of, and by itself. We are so 
apt to look upon it as a rude implement, necessarily associated with a 
superior class of finishing-tools, that the materials forms and scientific 
principles involved in its construction and use, not only as an adjunct 
to other tools, but as a sole independent and final tool, are much over- 
looked. 
In some handicrafts, and those too involving a high class of finished 
work, the hammer is the only tool employed. That great artistic 
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skill in the use of the hammer as a finishing-tool can be acquired, is 
manifest from the many beautiful specimens of rpouss work to be 
seen in silversmiths' shops. The details of the ornamentation are not 
only minute, but they so harmonize as to give elegance and expres- 
sion to the whole, exclusive of the ibrm of the articles themselves. 
The variety of shape is mainly produced by changes in the form of 
the "pane" of the hammer and in the weight of it. These changes 
of ' pane" are sometimes effected by separating the pane from the 
hammer, and then the separated piece is called a ' punch." 
The famous shield of Achilles, in the "Iliad" of Homer, is described 
as the result of hammer-work; and, though this shield may not have 
been actually fashioned, nevertheless the description gives an idea of 
what a hammer was in early times poetically supposed to be capable 
of accomplishing. The scenes wrought upon the shield of Achilles 
are--1. The earth, sea, and heavenly bodies. 2. In a city at peace 
there are (a.) Marriage festivities ; (b.) Judicial suit or trial. 3. In a 
city at war there are (a.) A scene before the ramparts ; (b.) An ambush 
and surprise; (c.)A bloody fight. 4. The ploughing of a field. 5. 
The harvest and the meal in preparation. 6. The vintage, with music 
and a march. 7. A herd of cattle attacked by lions. 8. Sheep at 
pasture, and their folds. 9. A dance. 10. The great ocean-river encom- 
passing the whole, as, in the mind of Homer, it encompassed the earth. 
For examples of the use of hammers in the production of works of 
great variety and extent on a large scale, see the ancient hammered 
wrought-iron gates, hinges, and panels, in the architectural room in 
the South Kensington lIuseum ; also the suits of mail and chain-armor 
in the Tower of London; also the formation of gold-leaf, the springs 
of carriages, and the stiffening of saw-plates. 

Fro. 8. Fo. 4. Fro. 5. Fro. 6. 
ENGINEER'S HAI[ER8. 

The natur6 of the work to be done by hammers calls for very great 
differences, not only in the form, material, and weight of the hammer- 
head, but also in the appendages to these. There are the material 
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and form of the handles, the angle at which thse handles should in- 
tersect the axial line of the hammer-head, the position of the centre 
of gravity with respect to the interuection of this axial line, the length 
and elasticity of the handle. If the centre of gravity is not in the 
central line or longitudinal axis of the hammer-head, then there is a 
tendency to bring the hamner down on the edge of the face and not 
on the face. If this defective construction were great, the muscles of 
the wrist might not be strong enough to counteract the tendency. 
If the defective construction is slight, then the work is often marked 
with angular indents. Arrangements, tOO, may be required for modi- 
fying the intensity of the blow, while retaining the effects resulting 
from a heavy hammer where a light one would be inefficient. 
It is curious to see how in the same trade the hammers are for dif- 
ferent purposes made of different materials. The engineer, for exam- 
ple, uses hammers faced with steel hardened, the stone-breaker (or 
mineralogist) hammers faced with steel softened (or rather not hard- 
ened). Again, in another part Of his progressive work, the steel ham- 
mer with which the engineer commenced his operations gives place to 
a bronze or copper one, and this is sometimes displaced by one of lead 
alloyed with tin, and the handle entirely discarded. 

Fro. 9. Fro. 10. 
PLUIBER'S HAMERS. 

The plumber dismisses all these, and for direct action upon the 
material employed in his trade he uses a hammer of wood, discarding 
not only the material but also the form of hammers used in allied 
crafts. Iideed, one of his hammers (Fig. 7) serves a double purpose, 
for, if at one moment it is a hammer, at the next it is used as a swage. 
Fig. 9 is his ordinary hammer, but when carrying on his allied trade 
of a glazier, not content with this, even the handle (Fig. 10) is finished 
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in an unusual manner, probably for convenience in holding putty. 
which he often carries "dabbed" on the handle. In some cases, as in 
the working of copper vessels which have been silver-plated or gilt, 
the coats of the precious metals are so thin that, although the weight 
of a hammer-head is required, yet even the wooden hammer of the 
plumber, or the still softer leaden hammer of the engineer, is equally- 
unsuitable, and therefore the workers in these metals cover the face 
of their hammers at times with one or more layers of cloth. 
The veneering hammer is compound, one end being formedof 
metal and the other of wood. The metal end is used as a squeezing- 
hammer (if such a term may be employed), and the wooden end as a 
tapping-hammer, to ascertain by the sound produced where the veneer- 
ing is adhering and where it is not. 

The stone-mason seems to claim a universal choice. _As to mate- 
rial, he has and frequently uses hammers made of wood, of iron (steel- 
faced), and of an alloy of lead. 
In some cases the hammer and the anvil mutually change places, 
the hammer of wood, the anvil of metal, or the converse. 1N'or is the 

FIG. 12.--CARPENTER'S WOODEN 'ALLET. 

wood always of the same character. _As varied as are the characters 
of the woods themselves, so varied are those chosen by different crafts 
for the employment of each craft. 
Hammers with and without handles are in use--hammers of various 
weights, from half an ouuce to ten pounds, and from fifteer; to fifty-six 
pounds are now employed as hand-hammers. The angles of attach- 
ment of handles to heads are various: the position of the centre of 
gravity of the head in reference to the line of penetration of the handle 
is various; the faces have various convexities; the panes have all 
ranges and forms, from the hemispherical end of the engineer's ham- 
mer, and the sharpened end of the pick and tomahawk, to the curved 
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Before considering the elements upon a combination of which the 
powers of hand-hammers depend, it will be well to remark upon the 
circumstances under which this power is actually developed. The 
develol)nent takes place at the instant of contact of the moving 
hammer with the struck body. Such contacts as those of hammers 
-. 
Fro. 19.--TOMAHAWK-HAMMER. 

belong to that department of mechanical 1)hilosophy called "impact." 
Impact is pressure of short duration--so short that, compared with the 
time in which the velocity of the iml)inging body is being acquired, 
it is inappreciable; or, if the comparison be between spaces passed 
through by the hammer-head before impact and during impact, then, 
generally speaking, the disproportion is the same, and the space passed 
through after impact is almost inappreciable when comi)ared with the 
space passed through before impact. 
It may assist in realizing the source as well as the magnitude of 
the power of a hammer, if the dynamical effect of impact be eomp,qred 
with what may be called the statical effect of pressure. Let any one 
attempt to drive a nail vertically into an horizontal piece of timber by 
the statical effeot of the imple pressure of a load placed gently on the 
]mad, as weights are laid in scale-pans. Let the depth to which the nail 
"is thus moved be measured. _Again, let the same nail, under the same 
circumstances, be driven to the same depth by the impact- of a ham- 
mer-head, then itmay for our present purpose be said that the load 
placed on the nail is a representative statical measure of the impact 
of the hammer. 
Now, although in any given ease the work in a hammer consequent 
on its mass and velocity may be very great, yet utilizing the whole 
of the work -produced in the expenditure of the accumulated power 
in the hammer depends upon the resistance met with at the instant 
of impact. The more perfect this resistance is, the greater will be 
the value of the work done; hence the praetie of using massive 
anvils, firmly fixed, und the necessity for staying all vibrations in the 
body struck. Let any one attempt to drive a nail in a board not 
firmly supported, and then by the use of the same means d'ive a simi- 
lar nail into the same board supported, and he will appreciate the im- 
port.anee of resistance to the progress of a hammer's motion if the full 
effect of a blow be desired. 
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The only exception to this is to be found in the blows given to 
minerals which are to be cleft, and not crushed. In their case it is 
desired to give only such a blow as shall accomplish the cleaving ; any 
surplusage of energy, if expended on the material, would, of course, 
produce fractures over and above the required cleavage. Provision 
must be made for the dissipation of this superfluous energy, and it is 
done by placing the mineral in an elastic holding, the nature of the 
required elasticity being determined by experience, as different sub- 
stances require different elasticities in the supports by which they are 
held for cleavage. Illustrations of the principle here enunciated are 
seen in the breaking of stones on the highway, where the elasticity is 
transferred from the mineral support to the handle of the hammer; 
also in the flaking of flints, where the elasticity is obtained by holding 
the mineral in the hand and supporting it on the knees. The splitting 
of the diamond is a case where these principles and considerations 
claim the greatest care. 
The anvil used by the diamond-splitter is of wood, in shape not 
unlike a ninepin, but tapered at the lower end so as to be placed up- 
right in a coned hole in a small block of lead. On the head of the 
ninepin is a fiat, on which, by means of cement, the diamond to be 
split can be firmly fixed. Placed here so that the plane of intended 
cleavage shall be vertical when the wooden anvil is iu the lead block, 
a deep scratch is made by a second diamond in which scratch the 
edge of the splitter's chisel is to be planted. The diamond-splitter's 
chisel is x-ery like an old razor. This chisel the workman holds in his 
 o 
left hand, in his right he holds that which is his hammer. The hammer 
is a plain steel rod, about eight inches Jr[ length, and tapering from 
about half a inch diameter in the middle to three-quarters of an inch 
at the end. The very construction of this peculiar hammer gives the 
operator a large range for precise and graduated blows ; within cerlain 
limits he can most carefully arrange that the path of the centre of 
percussion , the place of impact, the line bisecting the angle of his 
razor-like chisel, and the expected plane of cleavage of the diamond, 
shall coincide; hence, with great coolness and the absence of all hesi- 
tation, he gives a blow, upon the effect of which many hundreds of 
pounds may depend. 
In dealing with hammers--including under that term for the pres- 
en purpose axes, hatchets, adzes, and picks--the following question 
claims consideration- What power or energy is in a hammer of known 
weight, moving at a.known vel6city, if brought to a state of rest by 
impact on a block? Another question also suggests itself- Can this 
impact effect of a hammer be converted into simple pressure, and be 
stated as a load or weight placed, where the impact was requisite, to 
produce the same effect as the impact did? If the mode of solving 
the first question can be made clear, then the answer to tl,e second 
can be easily obtained. The measurable elements which affect the 
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result are a variation in the mass of the hammer-head, and a variation 
in the length of the handle. By a varied mass there is a varied weight 
in the hammer; by a varied length of handle there will, with the same 
muscular effort, be a varied velocity in this mass, and upon a combina- 
tion of mass and velocity depends the produced energy. 1Yow, if a 
mass of metal, moving .at a known velocity, strike an object, the ener- 
gy of that blow results entirely from the conditions at the moment 
of impact. For example, the work in the hammer,  as it strikes the 
nail, 2V (Fig. 20), does not depend upon its elocity through the arc, 

Fm. 0. 

Q _h r, but only upon the velocity when commencing contact with the 
nail. Hence, so long as the material which gives the blow and the 
mas of it are the same, it is not of any consequence how the velocity 
was accumulated. It may result from centrifugal or rectilinear action ; 
it may result from muscular effort, or from steam-pressure, or from 
gravity. 
It may now be obvious that, other elements remaining unchanged, 
whatever accelerates the velocity of a hammer increases, according to 
very clear rules, the energy or power of the same hammer. IIence 
the tendency of contrivances, as manifested in the addition to steam 
as well as handicraft hammers ; for example, in the early lift-hammers, 
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by any external impulse ; which can as little be accounted for by reflex 
action as they could by gravity or by chemical affinity. Then there 
are cases in which the action originates within, with no prompting 
from without. I awake in the morning and I think and conclude that 
some good cause, the cause of liberty, or of my country, or of religion, 
requires me to take a bold, decisive action, and I hasten to put my 
purpose in execution. How absurd to call this, with some physiolo- 
gists, a reflex action ! That able men should have fallen into this error 
can only be accounted for by a law of "expectancy; " they have ex- 
plained so much by their law, and they think that they can explain 
everything. 
Dr. Carpenter has unfolded, as Itume had done a century ago, the 
tendencies which predispose man to believe in preternatural occur- 
rences. ]3ut are there no "prepossessions" and "expectations" which 
incline some scientific men in the present day to account for all things 
by natural agency, and prejudice them against calling in any thing 
preternatural? The business of science is to look into the causes of 
obvious or recondite phenomena, and, proceeding in the right method, 
they have discovered the natural causes of events which many re- 
garded as supernatural. The men who have explained lightning 
and mysterious diseases, and resolved light into vibrations, and 
detected the composition of the sun's atmosphere, and of the distant 
stars, are led to spurn at the very idea of there being any thing which 
cannot be accounted for by mundane agency. Then they have seen, 
or heard, or read, of so many cases of religious pretension and impost- 
ure that they at once set down every reported case of divine inter- 
position to illusion or delusion. Some have gone the length of main- 
taining that a miracle is not only an improbability, but an impossi- 
bility. 2k "prepossession" is produced, an "expectancy" is created, 
that the miracles of Scripture may be solved by some natural means. 
In the last age Paulus labored to prove that Jesus accomplished his 
cures by taking advantage of the secret agencies of Nature. But this 
theory has long ago been set aside by every one as inconsistent with 
the training, the position, and known character of Jesus. Then the 
mythic theory was started and stretched to its utmost capacity by 
Strauss; but it has been shown that no myths ever had the con- 
sistency, the purity, the spirituality of the gospel narratives, parables, 
and doctrines. Now it is averred that historical proof is wanting of 
the early date of the books of the New Testament. This objection 
has been met already by the great scholars of Germany, and is being 
met by Dr. Lightfoot and others among English-speaking divines. 
It is shown and is admitted that some of the epistles of Paul must 
have been written by their reputed author, and that they presuppose 
a belief throughout the Church of the leading events in Christ's life, 
and o[" a perfected system of evaugelical belief. If. the epistles are 
genuine, so must be the correlated Book of Acts, with its wonderful 
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maintain that in religion a sincere mind will discover the truth with 
or without scientific knowledge. Iany believe that John Bunyan saw 
as far into spiritual matters as even Newton or Locke, and much far- 
ther than Laplace ever did. Some of the highest statesmen and law- 
yers in Great Britain imagined that they could get more good from 
the direct and hoely appeals of 5Ioody than from those select diht- 
tatt meetings in London of savats and litt$raturs who have aban- 
doned Christianity, and are seeking to catch some higher religion 
which evanishes as they would lay hold of it. 
Everybody acknowledges that all witnesses are not to be trusted ; 
yet in the common affairs of life, in trials in history, we do find tes- 
timony which we implicitly believe. To the great body even of edu- 
cated men, scientific knowledge depends on the trustworthiness of 
those who have made the observations and experiments. otwith- 
stranding all their preconceptions, there ax'e declarations of men of 
science as to matters of fact which we can trust ; and it would be a 
violation of their whole nature, in fact it would be a miracle, were they 
to deceive us. Dr. Carpenter is entitled to credit for ha-ing hell)cd 
to expose the fooleries and the rogueries of spirit-rapping, rol)c-tying 
and of levitation. But he seems to think that it is possible by the 
same method to undermine the miracles of the Old and _Ncw Testa- 
ments. All who have inquired carefully into the subject see that the 
testimony in fa'or of spiritualistic manifestations cannot stand the 
common tests of evidence. But it has been maintained by many of 
the greatest and most sagacious minds and by the highest moral 
minds which our world has produced, that the testimony in bclalf of 
the essential events of the xNew Testament cannot be set aside with- 
out undermining the whole of ancient history. Even at first sight the 
spiritual s$azces and performers have no moral prestige in their favor'. 
The products are unworthy of God, and inconsistent with his mode of 
operation in :Nature. We can discover motives enough to induce 
them to act as they do--such as the desire to create wonder--with 
some the hope of getting money. Ilow diflbrent with our Lord, who, 
so far from taling advantage of the wonder-loving spirit of the Jews, 
actually restrained it ! The wonders of the spiritualists are performed 
in rooms prepared for the purpose or in darkness, whereas the mir- 
acles of our Lord were performed in open day, iu unexpected circum- 
stances, and before all men. Then the whole teaching of Jesus was 
totally abo-e and altogether opl)oscd to the _pirit of his age and na- 
tion, and only exposed him and his followers to Olq)rol)rium, poverty, 
and suffering. 
But Dr. Carpenter has disco'ered that there is no st'ongcr evi- 
dence in behalf of the events of our Lord's life than we have iu favor ot 
the miracles attributed to St. Columba. This is a proof that, amid his 
multifarious etnployments, Dr. Carpenter has not carefully surveyed 
or minutely examined the whole body of Christian cvi.lences. The 
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only original life of Columba is the "Vita" of Abbot fl_damnan, written 
about one hundred years after the saint's death. All that it proves is, 
that at the time the life was written Columba was believed to have 
wrought miracles. But there is satisfactory proof that the first gos- 
pels were written while many who had seen the events were still 
alive. The account given by the abbot was all in accordance with 
the popular belief, and had not, like the earlier Christian records, to 
encounter t.he hostile criticism of keen and able opponents. The 
voice of the Irish dove was a very. pleasant one, but all the good 
words uttered were got from him on whom the spirit alighted as a 
dove. Hre have no utterances of his to be compared with the teach- 
ings of our Lord and his disciples. .Then we have no record of such 
lives and sacrifices as are described in the letter of Y'liny the Yougger 
in A. ). 112. Nor have we such corroborations as the Book of Acts, 
such original productions as tle Epistles of t)aul, such a mighty re- 
sult as Christianity with its influence over the world, over its educa- 
tion and its civilization, for the last eighteen hundred years. 
Dr. Carpenter quotes Locke as saying that we are to regard the 
doctrine as proving the miracle rather than the miracle proving the 
doctrine. Locke believed both the doctrine and the miracle. Dr. 
Carpenter does not tell us whether he believes either, tie does not 
say whether he looks on the doctrine as proving the miracle. The 
wisest defenders of Christianity have always combined the two, the 
lofty teaching and the high morality, with the attested supernatural 
action. In estimating the validity of even common testimony we 
combine the character of the witness with the facts to which he de- 
pones. We look to his manner of testifying, to the consistency and 
transparency of his statements, even to the name he has borne among 
his associates and the motives by which he may have been swayed. 
So in weighing the evidence we have for Christianity we are entitled 
to combine the trugh testified to with the testimony. We do not 
choose to separate the record of miracles in )Iatthew from the Sermon 
on the 5fount. We are prepared to believe that he who uttered those 
bold and transparently sincere and pure precepts could not have been 
guilty of deceit. It is clear that Jesus claimed supernatural power. If 
there be any truth at all in the accounts of him, in fact, if there ever 
was such a person as Jesus, it is clear that he claimed to work miracles. 
His claims are found imbedded in the heart of discourses which con- 
tain his loftiest ideas, moral and spiritual, far beyond the concep- 
tion of the evangelists or the early Christian writers. His discourses 
are, in fact, his greatest miracle. His acts and words are like the 
warp and woof of his .garment, which is woven throughout and can- 
not be divided. ' 
The doctrines, the precepts, the providential occurrences, the mir- 
acles, constitute a system quite as much as the Cosmos does. In this 
system one part supports another, each helps to bear up the whole, and 
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the whole makes every part cohere. IIe who assails Christianity has 
to attack a phalanx. The pure morality fits in to the character of 
God, revealed as a spirit, revealed as light, revealed as love. The 
miracles, being almost all of them meant to remove evil most of them 
to heal diseases, adapt themselves to the manifest disorder in the 
world, to our consciousness of sin, and the doctrine which reveals an 
atonement. The sup.ernatural system is higher than the natural but 
it is in accordance with it. The higher joins on beautifully to the 
lower quite as fittingly as vegetable life superinduces itself on inani- 
mate Nature, as animal life completes vegetable life, as the soul fits 
into the body. Science and philosophy may not be able to go back 
to a beginning, but they require a source. It is not more certain that 
"ex nihilo nihil.fit" than it is that what produces must have power to 
produce. All these later discussions as to force and cause show that 
there must be some intimate connection between the effect and its 
cause. Iayer wrought out the grand doctrine of the conservation 
of force by the principle that "cause equals effect." This is not, 
as it appears to me, the correct expression of the law, but it points 
to a deep law lying at the basis of that development which men 
are studying so eagerly in the present day. All that is in the effect 
has come from the causes--it may be the successive causes. We 
are thus carried back to an inherent power, not created by develop- 
ment, but the source or spring of development. This source may 
surely be declared supernatural. The Bible simply speaks of the con- 
o. tinuance of that supernatural in revelation and in inspirztion. This 
supernatural is not inconsistent with the natural; it is the complc- 
nent of it. The higher world overarches the lower world as the sky 
does the earth. The world to come consummates what is begun in 
t.he present world--provides a place for the immortal soul and for the 
body raised to join it. 
The conclusion of the whole matter is, that we are to weigh the 
evidence in behalf of revelation in the same way as we weigh any 
other evidence, laying aside all" prepossessions " and" expectancies" 
for and against supernaturalism ; and that the evidence for Christian- 
ity so large so varied, so compact, is not to be summarily set aside 
by any physiological doctrine sufficient to explain mesmerism and 
spirit-rapping. 
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tlOLIDAY LECTURES AT TIIE ROYAL INSTITUTION. 

BY PROF. TYNDALL, F. R. S. 
II. 
ECTION 8. Tectrics and _hon-Jlectrics.--For a long period, 
bodies were livided into electrics and non-electrics, the former 
deemed capablo of being electrified, the latter not. hus the amber 
of the ancients, and the spars, gems, fossils, stones, glasses, and resins, 
operated on by Dr. Gilbert, were electrics, while all the metals were 
non-electrics. We must now determine the true meaning of-this dis- 
tinction. 
Take in succession a ball of brass, of wood coated with tin-foil, a 
lead bullet, and an apple, in the hand, and strike them briskly with 
silk, flannel, or the fox's brush ; none of them will attract the balanced 
lath (Fig. 4), or show any other symptom of electric excitement. All 
of them, therefore, would have been once called non-clectrics. 
But suspend them.in succession by a string of ilk held in the hand, 
a,d strike them again ; every one of them will now attract the lath. 
Reflect upon the meaning of this experiment. We ha-e introduced 
an insulator--the silk striug--between the hand and the body struck, 
and we find that by its introduction the non-electric has been con- 
"- verted into au electric. 
The meaning is obvious. When held in the hand, though elec- 
tricity was developed in each case by the friction, it passed imme- 
diately through the hand and body to the earth. This transfer being 
prevented by the silk, the electricity, once excited, is retained, and 
.the attraction of the lath is the consequence. 
In like manner, a brass tube, held in the hand and struck 'ith a 
fox's brush, shows no attractive power; but when a stick of sealing- 
wax, ebonite, or gutta-percha, is thrust into the tube as a handle, the 
striking of the tube at once develops the power of attraction. 
And now you see, more clearly than you did at first, the meaning 
of the experiment with the heated foolscap and India-rubber. laper 
and wood always imbibe a certain amount of moisture from the air. 
Vhen the rnbber was passed over the cold paper, electricity was 
excited, but the paper, being rendered a conductor by its moisture, 
allowed the electricity to pass away. 
lrove all things. Lay your cold foolscap on a cold board, sup- 
ported by warm dry tumblers; pass your India-rubber over the pa- 
per ; lift it by a loop of silk, for if you touch it it will discharge itself. 
 A course of six lectures, with simple experiments in frictional electricity, before 
juvenile audiences during the Christmas holidays. 



mental law. Repeat for example Otto yon Guerickes experiment. 
Hang a feather by a silk thread and bring your rubbed glass tube 
near it: the feather is attracted, touches the rod charges itself with 
the electricity of the rod and is then repelled. Cause it to retreat 
from the rod in various directions. 
IIang your feather by a common thread : if no insulating substance 
intervenes between the feather and the earth, you can get no repul- 
sion. Vhy? you ought to be able to answer. Obviously it is be- 
cause the charge of positive electricity communicated by the rod is 
not retained by the feathcr but passes away to the earth. Hence, 
you have not positive acting against positive at all. Vhy you should 
have the attraction of the neutral body by the electrified one will as 
already stated, appear by-and-by. 
Attract your straw needle by your rubbed glass rod. Let the 
straw strike the rod, so that the one shall rub against the other. The 
straw accepts the electricity of the rod and repulsion immediately 
follows attraction as shown in Fig. 7. 
Fro. 7. 

Mr. Cottrell has devised the simple electroscope represented in 
Fig. 8 to show repulsion. A is a stem of sealing-wax, with a small 
circle of tin, T at the top. Vis a bent wire proceeding from T with 
a small disk attached to it by wax. ' is a little straw index, sup- 
ported by the needle,  as shown in the figure. The stcm A, is not 
quite vertical the object being to cause the bit of paper , to rest 
close to Vwhen the apparatus is not electrified. V'hen electricity 
is imparted to T it flows through the wires Wand w, over both disk 
and index: immediate repulsion of the straw is the consequence. 
o better experiment can be made to illustrate the self-repulsive 
character of electricity than the following one: Heat your square 
board again, and warm, as before, your sheet of foolscap. Spread 
the paper upon the board, and excite it by the friction of India-rub- 
ber. Cut from the sheet two long strips with your penknife. Hold 
the strips together at one end. Separate them froln the board and 
VOL. 
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flannel, the electricity of the body is negative; if it repel, or is re- 
pelled by, glass, rubbed with silk, its electricity is positive. Du Fay 
had the sagacity to propose this mode of testing quality. 
Apply this test to the strips of foolscap paper excited by the In- 
dia-rubber. Bring a rubbed gutta-percha tube near the electrified 
strips you have strong attraction. Bring a rubbed glass tube be- 
tween the strips, you have strong repulsion and augmented diver- 
gence. Hence, the electricity being repelled by the positive g!ass, is 
itself positive. 
Sc. 11. Double or ' t)olr ' Character of the Tectric _lorce.--We 
have examiued the action of each kind of electricity upon itself, and 
upon the other kind; but hitherto we have kept the rubber out of 
view. One of the questions which inevitably occur to the inquiring 
scientific mind would be, How is the rubber affected by the act of 
friction ? ttere as elsewhere you must examine the subject for your- 
self and base your conclusions on the facts you establish. 
Test your rubber then, by your balanced lath. The lath is attract- 
ed by the flannel which has rubbed against gutta-percha ; and it i 
attracted by the silk which has rubbed against glass. 
Regarding the quality of the electricity of the flannel or of the 
silk the attractiou of the lath teaches you nothing. But suspend 
your rubbed glass tube, and bring the flannel rubber near it: repul- 
sion follows. The silk rubber, on the contrary attracts the glass 
tube. Suspend your rubbed gutta-percha tube and bring the silk 
rubber near it: repulsion follows. The flannel, on the contrary at- 
tracts the tube. 
The conclusion is obvious: the electricity of the flannel is posi- 
tive that of the silk is negative. 
But the flannel is the rubber of the gutta-percha, whose electrici- 
ty is negative ; and the silk is the rubber of the glass whose elec- 
tricity is positive. Consequently, we have not only proved the rub- 
ber to be electrified by the friction, but also proved the electricity 
of the rubber to be opposite in quality to that of the body rubbed. 
SEC. 12. V]at is Tectricity?Thus far we have proceeded from 
fact to fact acquiring knowledge of a very valuable kind. But facts 
alone cannot satisfy us. We seek a knowledge of the principles 
which lie behind the facts, and which are to be discerned by the mind 
alone. Thus having spoken, as we huve done, of electricity passing 
hither and thither and of its being prevented from passing, hardly 
any thoughtful boy or girl can avoid asking, What is it that thus 
passes ?--what is electricity ? Boyle and :Newton betrayed their 
need of an answer to this question when the one imagined his unc- 
tuous threads issuing from and returning to the electrified body, and 
when the other imagined that an elastic fluid existed which penetrated 
his rubbed glass. 
When I say "imagined ' I do not intend to represent the notions 
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the coast of North America to the sixty:seventh parallel of north lati- 
tude; and )Iagellan's vessel the Vittoria, after sailing around the 
world, had returned in 1522 to San Lucar, in Spain, the port whence 
she set out. 
The century that followed this period of discovery was occupied 
with the more particular exploration and settlement of the regions 
thus brought to the knowledge of mankind, and with the labors of 
geographers and cartographers in arranging the great mass of new 
materials into a reconstructed system of geography. With the ex- 
e.eption of fliuitless efforts to "discover, in the interest of commerce, a 
northeast or a northwest passage to the Indies around the northern 
part of the globe, or directly across the pole, the zeal for geographi- 
cal discovery abated through the seventeenth and eighteenth centu- 
ries; the world being sufficiently occupied with what it had already 
acquired, either in building up great empires in th-e newly-discovered 
continents offforth and South America, or by extending the rule of 
maritime nations over the coast of Africa, and the remoter parts of 
Asia, as in the settlement of the colonies established by the Portu- 
guese, and by the British conquest of India. In fact, so large a por- 
tion of the earth's surface had become known within so short a period, 
that it presented enough to absorb all the activity of civilized nations 
for three centuries in the work of colonization settlement, or con- 
quest. 
It was not until near the middle of the nineteenth century when 
this great work had produced its results in the establishment of such 
nations as the United States, )Iexico, the republics of Central _Amer- 
ica, Brazil, the other states of South America, and of a vast dominion 
under British rule in India, and by the extension of Russia over a 
large part of fforthern Asia, that the attention of mankind was again 
drawn to the yet undiscovered or imperfectly known portions of the 
earth, and a new interest awakened in geographical exploration and 
discovery. This may be said to have begun with the founding of a 
Geogra.phical Society in Paris, in 1821 ; of another in Berlin, in 1828, 
and the establishment of the Royal Geographical Society of London, 
in 1830. These societies were formed to cultivate the science of 
geography in a more comprehensive spirit, to facilitate the acquisi- 
tion of geographical information by the establishment of libraries, to 
disseminate it by publications, and to encourage and assist scientific 
travelers and explorers. Like all new things, however, it was some 
years before these societies produced any effect, or the world recog- 
nized the value.of the purpose for which they were established; 
whereas the results which have since been brought about, chiefly 
through the instrumentality of such institutions, are beyond anything 
which the most sanguine of their projectors could have anticipated. 
The Royal Geographical Society of London may be taken as an 
illustration of these societies. It has now 3035 fellows, each paying 
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intercourse of the world. The extensive explorations by them in 
:Northern Siberia and of the rivers that flow into the Arctic. The 
many journeys explorations geographical and archeological made 
through Southern Arabia Persia Afghanistan Beloochistan and the 
northern regions of India and explorations of the like character in 
Burmah Siam and Cambodia. The settlement of the French in Co- 
chin-Chin% and journeys to a.partial extent in Corea and to a greater 
extent in Mantchooria. The Euphrates Expedition. The continuation 
of the great survey of India. The survey of Palestin% and the cutting 
of the Suez Canal. 
In Africa : the discovery of the great lakes as well those which 
are the reservoirs of the ile, as those lying south of the equator. 
The exploration of the country south of Abyssinia, between these lakes 
and the eastern coast and the discovery of the great range of moun- 
tains in that region with their snow-capped peaks, the most ele- 
vated land in Africa. The military occupation of Abyssinia and of 
Ashantee by the English; the extensive journeys and researches in 
:Northern and Northeastern Africa by Barth Overweg Richardson 
Rohlfs, Schweinfurth, Iiani Nachtigal, and others. The various ex- 
peditions and individual journeys along the western coast and the 
explorations of its immediate interior by Du Chaillu Burton Baines 
Blyden, Gandy Gtlssfeldt etc. etc. The two journeys across Central 
Africa from east to west and west to east by Dr. Livingstone; his 
journey from the Cape upward; his exploration of the Zambezi, and 
of the countries by which it is watered; his discovery of the great 
network of rivers and lakes in Central Afric% below the equa.tor which 
he was pursuing at the time of his death and the following up of that 
exploration by Lieutenant Cameron with the lattcr's journey through 
Central Afric% from east to west. The numerous exl)lorations in 
South and Southeastern Afi-ic% from the Orange River to the Limpopo 
and from that point along the eastern coast and its interior as far as 
the parallel of Zanzibar which with the exploration of the imperfect- 
ly known parts of the Island of Madagascar by Grandidicr and 5Iul- 
lins is but a very general statement of what has been done in Africa. 
What exploration has accomplished in Africa may be judged by a sin- 
gle fact. In 1850 the area of cultivated land in Egypt was 2000000 
of acres; in 1874 it was 5,000,000. 
I ,nay next refer to the numerous explorations around and across 
the great continent of Australia from Sturts early journey to the last 
ones of rarburton aud Forster. The survey of large portion- of the 
coast of Papua or :New Guinea and explorations iu the interior by 
Beccari% D'Albertis, Meyer, Van Rosenberg, and MacLeay. The 
explorations in Formosa by Steere Le Gendre and others, and the 
settlement of colonies and the establishment of governments by the 
English in :New Zealand and the Feejee Islands. The explorations, of 
the Arctic to within sight of the eighty-third parallel of north latitude 
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merits of great mountain-heights in the more elevated regions of the 
glo)e. The extensive survey of coasts, prominent among which is our 
own great Coast Survey. The trigonometrical surveys carried on in 
many countries in Europe. The investigation of the cause of the 
glacial epoch, and possibly of inter-glacial epochs, or a succession of 
alternate warm and cold periods, each extending over long epochs of 
time, and their effect in bringing about the present condition of the 
earth's surface by changes in the level of the sea and the submergence 
of the land. 
This very inadequate statement will show how great, wide-spread, 
and constant has been the work of exploration and research within the 
period referred to, and how truly it may be denominated a geogrsphi- 
cal age. 

TIIE 5IOLLUSKS OF TIIE ROCKY 5[OUNTAINS. 

By ERNEST INGERSOLL. 

N the summer of 1874 it was my privilege to accompany one of the 
parties of the United States Geologlcal Survey of the Territories, 
of which Dr. F. V. Hayden is chief. The field of operations was the 
mountainous region of Southern Colorado, and it afforded a good op- 
portunity to examine the natural history .of the region traversed. 
The mammals of the Rocky Mountains have long been well known, 
particularry the large game, which, except in the distant portions of 
the Territory of Colorado, has been greatly depleted by the constant 
pursuit of hunters and trappers. The case is somewhat the same with 
the game-birds; while the enthusiastic labors of IIenshaw, Aiken, 
Alien, Coues, and other ornithologists, have given us a very complete 
knowledge of all the birds and their habitats. The fishes and reptiles 
have received some attention too ; and, in the lower, invertebrate forms 
of life, the investigations of Thomas upon the grasshoppers, Carpenter 
on the butterflies and moths, and Edwards, Packard, and IIagcn on 
other insects, and the reports upon crustacea and worms by Verrill, 
Smith, Leidy and others, have given us a tolerable knowledge of the 
extent to which those forms are to be found in that region. But the 
mollusks of the mountains--land-snails, pond-snails, river-snails, and 
fresh-water mussels--have been almost entirely neglected, except by 
Dr. Cooper, in the north. From Colorado only seven hadbeen reported, 
which were collected by Lieutenant Carpenter. This, then, seemed to be 
the field most needing cultivation, and my attention was chiefly turned 
to it during three months of wandering over the mountain-ranges, 
parks, and sterile plains, that diversify the country between Middle 
Park and the corner of Arizona. Something was fomd at nearly 
every camp, and, when the collection was at home and counted, it was 
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servations in the Rocky)Iountains do not tally well with D'Orbigny's 
notes from the Andes, since out of 156 species discovered in South 
America, he found only 13 between the thirty-fourth and forty-fifth 
parallels of latitude--which corresponds to the district of north lati- 
tude considered here--and only 10 species were found above 5,000 
feet. liy list of the Rocky )Iountain mollusca, on the contrary, shows 
that 55 species out of the 138 inhabit heights exceeding 5,000 feet, 
and 10 species have been found above 10,000 iiet. These latter, 
however, are all recorded from mountains south of the thirty:ninth 
parallel; but it is safe to say that, where there is moisture, a goodly 
collection of mollusks can be made in the mountains of the Terri- 
tories allthe way up to the timber-line. This is probably true of all 
parts of the world. 
In a recent paper on the hypsometric distribution of mollusca in 
Europe, communicated to the French Academy of Sciences at Paris, 
at their meeting on October 11, 1875, )I. P. Fischer alludes to the 
great regularity with which plants thrive on mountains, each at a 
certain height. The terrestrial mollusca, being unprovided with means 
of locomotion enjoyed by birds and insects, and being, moreover, 
dependent upon vegetable life for food, could not fail to be discovered 
in the same way as plants, and this supposition he confirmed by ob- 
servation. Each species extends to an altitude the limits of which it 
does not overstep. )I. Fischer has verified this in the central Pyrenees 
as well as in the Alps, and divided the altitudes into five zones, com- 
prised between 1,500 feet and 7,500 feet. Each zone is distinguished' 
by the name of a species of Helix. Thus, in the Pyrenees, the first 
zone, ending at a height of 3,000 feet, is called that of ]telix carttu- 
siana ; the second, ending at 3,600 feet, Itelix aspersa; the third, 
terminating at 4,500 feet, tIelix limbata ; the fourth, limited at 6,000 
feet, Itelix nemoralis ; and the fifth, ending at 7,500 feet, Itelix caras- 
calensis. In the Alps, at the same altitudes, the names of the zones 
are respectively .Helix cartlusiaa, obvoluta, tZontenelli, sylvatica, and 
glacialis. A few individual mollusks will, indeed, climb as high as 
9,000 feet, but they all sto.p at the limit of perpetual snow. Various 
genera of fluviatile mollusks do not ascend higher than 3,000 feet, a 
circumstance which the author considered of some importance to 
geologists, since it proves that in the quaternary beds the fossiliferous 
strata containing those genera, such as .heritina, ])aludina, etc., were 
deposited at small altitudes. The Lake of Goube, about three hours' 
walk from Cauterets, 5,364 feet above the level of the sea, is thickly 
peopled with trout, frogs, and mollusks. 
The results of this inquiry into the geographical distribution of 
mollusks in the mountainous West are meagre enough, but may be of 
some use in future investigations. Whether this central region is a 
true zoSlogical province considered with reference to the mollusca, 
and what is the origin of its fauna, are hardly to be answered yet. 
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Enough seems to be known, however, to show that this inter-montanic 
region is not so deficient as has been supposed, either in the number 
of its Slecies or in representatives of adjoining faunas. The impres- 
sion that the Central Province is unfavorable to pulmonate growth 
also seems wrong, except in respect to the scarcity of lime in the soil, 
to which cause we may probably attribute the fact that the more 
minute fob'ms are in large majority. 

CHARACTER AND WORK OF LIEBIG.' 

B- J. L. W. THUDICHUM M.D. 
USTUS LIEBIG was born on the 12th of May, 1803, at Darmstadt, 
in the grand-duchy of Hesse. IIis father was what in this country 
(England) we should term a wholesale druggist and dry-salter, a trade 
which is in Germany designated by the name of materialist. There 
is no doubt that the opportunities which h-e had of collecting chemical 
reagents, and of witnessing the preparation of many products which 
were the objects of his father's trade, early excited in him that curi- 
osity which soon became an insatiable thirst. It is related on credit- 
able testimony that at the age of fourteen years he had performed all 
the experiments of which he could get knowledge from books, or for 
which within his means lie could obtain the materials, and it is related 
by himself that about that time there was not a work i the library 
of the Grand-duke of Darmstadt on chemistry which he had not read. 
Looking at his early days by the light of that information, we camot 
doubt that the anecdote ordinarily told of his having been a dull by 
is a mere mistake, lie was abstracted by other pursuits, and there- 
fore, no doubt, neglected his school-work, but that lie should have 
been less gifted than others cannot, under the circumstances, be be- 
lieved. It is related by a credible person that in 1817, when he and 
his school-fellows were speaking to each other as to what pursuit they 
were to select, he said that he was going to be a chemist, whereupon 
the other boys laughed at him and told him lie was a great fool, ibr a 
chemist was nothing. IIowever, times have changed, and what at 
that time was considered as no pursuit is now an honored profession. 
In the year 1818 he gave a distinct direction to that early bent of 
his mind, and lie followed almost the only way which at that time 
existed in Germany for studying chemistry ; he became an appre!tice 
in an ordinary apothecary's establishment. _An apothecary in Ger- 
many is a more scientific person than perhaps many would believe. 
IIe has had a thorough training, lie has passed examinations, and he 
represents, therefore, the scientific side of chemistry, pharlnacy, and 
 From the "Cantor Lectures" delivered before the Society of Arts. 
YOL. IX.---4 
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have I seen perish in this vertigo, how many wails about life-objects 
completely missed have I been obliged to hear afterward !' Thus he 
spoke in his work on the study of the natural sciences, which was pub- 
lished at Brunswick in 1840. 
Tow, in order that you may be able to apprehend what this kind 
of philosophy was, and to understand more fully the position from 
which he had to emancipate himself, even at that early time of his 
life, I will quote to you a very few passages, and I will make them as 
short as possible, compatible with illustration, from one of Schelling's 
works, from the periodical for speculative physics--mark the term, 
"Speculative Physics." I will quote the following passage : "Nature 
strives in the dynamical sphere necessarily to absolute indifibrence, 
not by magnetism nor by electricity is represented the totality of the 
dynamical process, but only by the chemical process. With the third 
dimension of the product the two other dimensions are opposed. In 
ature itself there is one and inseparate, what is separated for the pur- 
pose of speculation." That is almost enough, but I will give you an- 
other passage which will be more striking because of the contrary 
itself being known to you. Here he says of the composition of water: 
"Vater contains just the same as iron, but in absolute indifference as 
yonder in relative indifference carbon and nitrogen, and thus all true 
polarity of the earth is reduced to an original south and north which 
are fixed in the magnet." Tow, in order that you may believe that he 
did not merely speak of an admixture or impurity of carbon or nitro- 
gen, but that he meant to say that it was the essence of water, and 
that it was really composed of these two elements, and not of any 
other he goes on to say : "The animal is in organic Tature the iron ; 
the plant is the water for Tature begins with the relative separation 
of the sexes and then ends in this separation. The animal decomposes 
the iron, the plant decomposes the water. The female and the male 
sex of the plant is the carbon and the nitrogen of the water." These 
are two examples of the philosophy of Schelling, which was believed 
at that time to be the science by which Germany could be regenerated, 
by which the generation which had then only just recovered its inde- 
pendence would be put on a firm mental basis. The followers of this 
system were called to the court of lrussia, and there IIegel the phi- 
losopher continued in a similar manner to teach doctrines which now- 
adays seem to be but afarra,qo of nonsense. IIegel says, for example 
on the chemical process: "If electricity was the broken magnetism 
because the opposite poles are independent bodies upon which the 
positive and negative electricity is distributed, and if the point of 
indifference is the explosion of an indifferent light by itself, then is the 
chemical process, on the other hand, the totality of the shaping. We 
have two independent bodies which belong more to the one or the 
other extreme; to the netal on the one hand, or the sulphur on the 
other which meet in an indifferent medium, and by abandoning their 
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all others in Germany. For the institutions of a university the largest sums 
may be expended, for this increases the respect and affection for them; but the 
suitable employment of these sums must be strictly controlled. The sums are 
there, but they are used in an intolerably ridiculous manner. I must be certain 
of what I may have to expect at Giessen. If driven to extremities I shall not 
return there this winter, whether I obtain leave or not. I shall know how to 
justify this step, for no one has been maltreated in the university in a more 
conspicuous manner. One cannot live at Giessen upon a salary of 800 florins. 
Four years ago I, in conjunction with four colleagues, asked for an increase 
of salary; it has been refused. You (the Chancellor yon Linde) have as- 
sured me with smiles that the state treasury had no funds; from this I saw 
that you have never known grief and torturing care for the daily bread. From 
the moment of that refusal I have endeavored to acquire an independent posi- 
tion by ceaseless work; my exertions have not been without success, but they 
have surpassed my strength, and I have become an invalid; and if now, when 
I do not require the state any longer, I consider that with a few miserable hun- 
dred florins more my health need not have suffered in former years, because my 
life would have been more free from care, the hardest thought for me is that my 
situation was known to you. The means which the laboratory possesses have 
been too small from the beginning. I had four walls given to me instead of a 
furnished laboratory. Notwithstanding my requests, no sum for furnishing the 
same, or for buying apparatus, has been provided. I required instruments and 
specimens, and have been obliged to spend on thse items annually from 300 to 
400 florins from my own means; besides the famulus paid by the state I re- 
quired an assistant, who costs me 320 florins--deduct both expenses fi'om my 
salary, and there remains not enough to clothe my childreq. From this original 
treatment of the laboratory the consequence has arisen that it possesses no 
property, forI can show that the nrrangements, fittings instruments, specimens 
which have made the Giessen laboratory--I can say it without blushing--the 
first in Germany, are my property. I will say nothing more about myselfmy 
account with Giessen is closed. Iy path is not the one of reptiles, the easiest 
though the dirtiest. What I have said will suffice to justify with the ministry 
nd the prince my resolution not to lecture at Giessen during this winter (1834- 
'35). If I am in health I may not lack the power to establish a kind of univer- 
sity for my branches of science at my own risk. If I am not permitted, nd if 
I receive my cong, this will free me from the charge of ingratitude toward the 
country from the means of which my scientific training has been possible. I have 
learned to bear much injustice, many a false judgment, but tiffs reproach of in- 
gratitude would be too heavy for me to bear." 
This letter pictures to you the conditions which prevaiicd at Darm- 
stadt but it is still more important, because it shows that such strong 
language was required to bring down the ministry, and that which no 
kind of friendly representation had been able to effect, this threat did. 
In 1835 he had to take compulsory repose. I find in the list of his 
publications only three small papers dating from this period, of which 
one only was a research; but in almost every other year there were 
from ten to twenty researches and publications. 
In 1836 another active period begins. In that year there were 
nine researches by himself alone, thirteen by himself and Pelouze. In 
1837 there were nine researches by himself and five with WShlcr, in- 



THE P OP ULAR S CIE2VCE MO2VTHL Y. 

a high footing in Bavaria, and Maximilian now wished to do the same 
thing for science in general, and he therefore endeavored to collect 
from all parts of Germany the best men whom he could attract. One 
of these was Liebig, the king having made him president of the Acad- 
emy, with the condition that he should undertake no laboratory teach- 
ing; that he should deliver lectures only, and at the same time be 
the Curator of the Botanical Gardens. In that position he remained 
up to his death, devoting himself mainly to the public part of his 
duties, which he performed with grace, honor, and glory, and in the 
laboratory which had been constructed for his own immediate wants 
he only performed such analyses, partly himself, and partly by a num- 
ber of assistants, as were necessary to give him the data for the pub- 
lication of his several works. 
At last, in the year 1873, on April 18th, he died, nearly eventy 
years of age, and in ihll possession of his faculties, not having, as 
other philosophers have had the pain of doing, experienced any dimi- 
nution of his mental powers. 

CAROLINE LUCRETIA HERSCHEL. 

Bx- ELIZA A. YOUMAI'S. 

II. 
IIATEVER may be thought of the intellectual differences be- 
tween men and women the broad mental contrast between 
Caroline Herschal and her brother Sir William Herschel is undeniable. 
Intellectual activity and a love of knowledge for its own sake influ- 
enced his boyhood, characterized his manhood, and dominated his 
whole life. He became an eminent astronomer because his passion for 
physical inquiry, directed toward the constitution of the univers% mas- 
tered every other sentiment of his nature. But the mind of Caroline 
Herschel was of another mould. She learned various things, from a 
desire to please her friends and to earn her living; but there is no evi- 
dence that she ever studied anything from a love of knowledge. ]-Ier 
whole life was inspired by purely personal feelings. In a former arti- 
cle we saw how submissively she delved for the family throughout her 
youth, and left them full of concern about their daily comforts. It 
was an all-absorbing love for her brother which led her to study as- 
tronomy, and at his death her devotion to science ended. Some peo- 
ple, perhaps, will admire her less on this account ; yet, while it dimin- 
ishes her claims as a philosopher, it certainly increases her claims as a - 
woman. The tendency of women to act from intense personal motives 
is a fact of vital moment to the community because the very existence 
of the family depends upon it; and it is difficult to imagine any future 
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comet. IIer diary and letters belonging to this period are very i- 
teresting. Her brother left on the 3d, and on that day she cleaned 
and put the polishing-room in order, made the gardener clear the 
work-yard, and mend the fences. "5th.--Spent the morning in needle- 
work .... " "6th.--lut the philosophical letters in order, and the 
collection of each year in a separate corner .... " "12th.--lut 
paper in press for a register .... " " 1Brit.--Spent the day in ruling 
paper for the register, except that at breakfast I cut out ruffles for 
shirts .... " "29t].--I paid the smith ..... " 
It was on the 1st of August that she first saw the comet. We 
give her diary at this time in full: 

"August lst.--I have counted 100 nebulae to-day; and this evening I saw 
an object which, I believe, to-morrow night will prove to be a comet. 
"2d.--To-day I calculated 150 nebulae. I fear it will not be clear to-night. 
It has been raining throughout the whole day, but seems now to clear up a little. 
One o'clock.--The object of last night is a comet. 
"3d.--I did not go to rest till I had wrote to Dr. Blagden and Mr. Aubert, 
to announce the comet." 

In the letter to Dr. Blagden she says: 
"The employment of writing down the observations when my brother uses 
the twenty-foot reflector does not often allow me time to look at the heavens; 
but, as he is now on a visit to Geznany, I have taken the opportunity to sweep in 
the neighborhood of the sun in search of comets; and last night, the 1st of 
August, about ten o'clock, I found an object very much resembling in color and 
brightness the 27 nebulae of the Connoissance des TemTs , with the difference, 
however, of being round. I suspected it to be a comet; but, a haziness coming 
on, it was not possible to satisfy myself as to its motion till this evening." 
After describing the object and its position, she concludes: 
"You will do me the favor of communicating these observations to my 
brother's astronomical friends." 

Dr. Blagden replied on August 5th that no one but herself had yet 
seen the comet s but that he had spread the news of her discovery in 
England, France , and Germany. August 7th ]Ir. Aubert wrote to 
her that he did not find the comet till the 5th on account of cloudy 
weather. IIe says : 
"I wish you joy most sincerely on the discovery. I am more pleased than 
you can well conceive that you have made it, and I think I see your conderfully 
clever and wonderfully amiable brother, upon the news of it, shed a tear of joy. 
You have immortalized your name, and you deserve such a reward for your 
assiduity in the business of astronomy, and for your love for so celebrated and 
deserving a brother." " 
We give place to the friendly expressions of these gentlemen, and 
others that will follow, to show that )Iiss Herschel was not hindered 
in her scientific career by the jealousy or antagonism of male rivals 



of which ambitious women complain so much in these degenerate days. 
She continues the diary of her labors : 
"4th.--I wrote to Hanover; booked my observations; made accounts. The 
night is cloudy. 
"5th.--Calculated nebulm all day. The night was tolerably fine and I saw 
the comet. 
' 6th.--I booked my observations of last night. Received a letter from Dr. 
Blagden in the morning and in the evening Sir J. Banks Lord Palmerston and 
Dr. Blagden, came and saw the comet. The evening was very fine. 
"7th and 8th.--Booked my observations. On the 8th the evening was 
cloudy. 
"9th.--I calculated 100 nebulze. 
' 10th.--Calculated 100 nebulae. The smith borrowed a guinea. 
"llth.--I completed to-day the catalogue of the first thousand. 
"13th.--Prof. Kratzensteine, from Copenhagen was here to-day. In the 
evening I saw the comet and swept. 
" 14th.--I calculated 140 nebulm to-day, which brought me up to the last- 
discovered nebule and therefore the work is finished." 
Miss Herschel says it is impossible for her to give an account of 
all that passed around her in the following two years Ibr they were 
spent in a perfect chaos of business. 
But in 1788 after he was fifty years old, her brother marricd a 
wealthy widow, of about the same age as Iiss Herschel. It is said 
by the editor that the wife was very amiable and gentle, and that the 
jointure she brought enabled her husband to pursue his scientific ca- 
reer without anxiety about expenses. But this was evidently not so. 
We must infer from the statements of Iiss Herschel that this wealth 
like royal patronage was not applied to relieve Sir William from 
drudgery; for to the end of her brother's lii'% she complains that 
instead of pursuing original investigations, he had to spend an enor- 
mous amount of time and labor making and selling telescopes; and 
that the fatigue and exhaustion fi-om polishing mirrors told seriously 
upon his health. In 1805 more than a dozen years after his marriagc 
we hear of his finishing an instrument for the King of Spain and at 
about the same time another for the Prince of Canino. She further 
says that he was miserably stinted for room for his instrumcnts and 
continually bemoans the embarrassments and hinderances which de- 
feated his plans of study and asserts that during the last years of his 
lif% his spirits were depressed a.nd his temper soured by these cir- 
cumstances. 
In her diary, all that Miss Herschel says of her brother's marriage 
is this : 
"It may easily be supposed that I must have been fully employed (besides 
minding the heavens) to prepare everything as well as I could against the time 
I was to give up the place of housekeeper on the 8th of May." 
When in after-years, she was preparing the materials for her biog- 
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she took possession of a cottage in Slough belonging to her brother, 
and although mention is made in her diary of moving again m 18!4, 
yet she continued to live in Slough. 
o.twithstanding all her prudence about paining relations the 
multiplied repetition in her diary of such entries as the following is 
painfully suggestive- 
"March 5th.--Went to make some stay with my brothers at Slough Mrs. 
He'schel being in town. 
"27th.--hll returned, and I went with my work to Upton again. 
"September 24th.--Went to work with my brother at Slough. 
' October lst.--Mrs. Herschel and niece returned. I went back to Upton. 
"August lst.--I left Upton for Slough. My brother went with Mrs. Herschel 
and Miss Baldwin on an excursion. I distracted my thoughts by undertaking an 
amazing deal of work. 
"SeTtember 8th.--My brother and family returned, and I went with my 
works to Upton. 
" May 2d.--I left Upton for Slough to work with my brother ; Mrs. IIerschel 
being in town till June 18th. 
"_Vovember 3d.--I came home to Upton (Mrs. Herschel returned from Brigh- 
ton), but went most days to assist my brother in the polishing-room or library, 
and, from the 10th of December to the 22d, was entirely at Slough, Mrs. Her- 
sehel being away. 
"3"anuary.mI had a cough all the month; the communication between 
Slough and Upton very troublesome to me. 
"March 9th.--Went to Slough to work with my brother; his family from 
home. 
"May llth.--Went to be with my brother; Mrs. Herschel went to town 
for a month. 
',Tune 12th.--Mrs. Herschel returned from town, and I went home." 
It is pleasant to find, however that the asperities of this period 
of her life were so much softened by time and distance that in 1829, 
when living in Hanover, she was able to write to her sister-iu-law, 
confidentially as to "a dear sister, for as such I now know you." 
The diary closes in 1822, with an account of her brother's death, 
and her departure from England. We quote the following charac- 
teristic passage relating to this period. She had come as usual to 
spend the morning with her brother: 
"August 15th.--I hastened to the spot where I was wont to find him, with 
the newspaper which I was to read to him. But instead I found Mrs. Morson, 
Miss Baldwin, and Mr. Bulman, from Leeds, the grandson of my brother's earli- 
est acquaintance in this country. I was informed my brother had been obliged 
to return to his roon, whither I flew immediately. Lady IIerschel and the 
housekeeper were with him, administering everything which could be thought 
of for supporting him. I found him much irritated at not being able to grant 
Mr. Btflman's request fSr some token of remembrance for his father. As soon 
as he saw me, I was sent to the library to fetch one of his last papers, and a 
plate of the forty-foot telescopo. But, for tho universe, I could not havo looked 
twice at what I had snatched from tho shelf, and when he faintly asked if tho 
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thegn without jurors on most classes and in the remainder with only a minority 
which in voting on awards had no weight and the awards were thus in effect 
decreed by the few contiguous countries whose products filled the largest spaces. 
Written reports on the products were not usually made by juries, and if made 
were not generally published; consequently no person outside of the jury was 
informed on what ground awards were made. 
The medals when distributed were as silent as the verdicts; moral respon- 
,sibility for the decisions attached to no one and the awards thus made conveyed 
as little useful information and carried as 1.ittle weight as anonymous work 
usually carries. 
[edals at best are enigmas. They express nothing exactly and definitely 
relative to the products exhibited; their allegorical designs doubtless have a 
neaning in the mind of the artist who makes them but allegorical designs are 
primitive and feeble language and the medal of to-day is no more than its pred- 
ecessor a schoolboy token--verdicts upon products determined by majority 
votes of juries in which the producing countries are often represented by useless 
minorities--awards based upon anonymous reports or reports never published 
and final decisions announced and recorded in the vague and mystic language 
of medals have not proved satisfactory to producers nor to the public. As re- 
gards the diffusion of reliable and useful information, International Exhibitions 
have not come fully up to expectations and to the promise implied in the great 
labor and great expenses which they involved; and the wide-spread dissatisfac- 
tion which has uniformly followed the close of jury-work affords in itself strong 
evidence that the system is not well adapted to the purposes of International 
Exhibitions. 
The method of awards adopted by the Centennial Commission differs from 
preceding systems. It dispenses with the International Jury and substitutes a 
body of two hundred judges one-half foreign chosen individually for their 
high qualifications. 
It dispenses also with the system of awards by graduated medals, and re- 
quires of the judges written reports on the inherent and comparative merits of 
each product thought worthy of an award setting forth the properties and 
qualities presenting the considerations forming the ground of the award and 
avouching each report by the signature of its author. 
The professional jtdgment and moral responsibility of the judges being thus 
involved assure the integrity of their reports. As awards to exhibitors such 
reports will be more valuable than medals in proportion to the greater amount 
of reliable information which they convey to the public. Their collected repub- 
lication as hand-books will form valuable guides for all classes to the most ad- 
vanced products of every country apd, last and least the sales of them can 
hrdly fail to return to the Commission a good portion of their cost. 
The success of this method obviously depends on the judicious selection of 
the judges, and to this point I desire to call particular attention. 
In this connection it may 15e remarked that the best judges of products are 
not usually found among their produce's but among their consumers. 
To select a wine for example of particular character one would not apply 
to wine-growers but to dealers and consumers. On the merits of an engine 
you would prefer the opinion of the engineer who uses it, to that of the engi- 
neer who invented or made it. The sugars and coffees of Brazil, Cuba, Java 
etc., are best judged in the great markets of consumption. In brief the food- 
products of the world find their most accurate appreciations as regards their 
inherent qualities and comparative merits in the great consuming markets 
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reaching the earth, and a moiety of it ascending the ground-line at 
2)' counteracts the first weak installment of the other. Then, as each 
turn of the coil, C, acts the part of the earth on the turu next it, the 
whole sets up another powerful extra current, which at first forces 
the ful strength of the main current through the recording instru- 
m(nt, and ultimately counteracts the accumulated electricity and the 
second extra current due to the earth. In practice, several such lines 
are used, and magnets, which are preferable, instead of coils. This 
occasions a great loss of electricity, but the sensitiveness of the re- 
ceiving apparatus is such that less than one-fourth of the total strength 
of the current is sufficient to give a good record. 
The chemical used by Baiu in his sensitized paper was ferrocyanide 
of potassium, which: with the oxide from the iron pen and an extra 
equivalent of oxygen, forms Prussian blue. The oxygen of the air, it 
has been found, protracts this action, and thus arises another source 
of confusion, which is not affected by the device just described. A pref- 
erable combination, requiring only the protoxide of iron, which is 
formed immediately by the electricity, is used in the American system. 
One of the most curious of the recent discoveries respecting the 
chemical action of electricity is that of its usefulness, under certain 
circumstances, as a lubricator. During )Ir. Edison:s experiments on 
the automatic telegraph he perceived that; when using a paper soaked 
in a certain solution, the pen was apt to slip whenever a discharge 
occurred. This effect was found to be so marked that a person draw- 
ing a strip of metal along the paper--leaning rather heavily on it-- 
finds his hand .obliged to move iu a succession of jerks when signals 
are sent by a current powerful enough to overcome the resistance of 
his body. On this principle, Mr. Edison has constructed a little in- 
strument in which a style is kept pressed against the paper by springs 
so as to make a continuous indentation, except when the current is 
passing. Its record is, therefore, the reverse of that of a Morse regis- 
ter; but the "electromot)graph, as it is called, differs also from the 
 Morse ' in being the most sens.itive recording instrument known. 
Still another of Mr. Edison's inventions is the quadruplex telegraph,-. 
the principal aim of which is, not to augment the speed of signaling, 
but, like the duplex, to allow of several persons using the same wire 
at one time. In fact, the arrangement may be used as a duplex tele- 
graph, if required, so that the wire is by it made susceptible of either 
double or quadruple employ. 
The instruments used are modifications 5f those of the Iorse sys- 
tem. The " key" has already been shown in Fig. 2, and the changes 
made to adapt it to the uses of the quadruplex telegraph may be un- 
derstood from Fig. 5. The essential part of the receiving instrument 
is an electro-magnet, which is shown in Fig. 2, and consists of a bent 
bar of soft iron, surrounded at each end by a coil of wire connected 
with the wire of the line. The current, passing through these coils 
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least confusion ensued from the crowding together, for a considerable 
distance, of the multitude of intricately-related vibrations in a rod 
having a section of but one square inch. 
Prof. tIelmholtz's apparatus consisted of a number of electro-mag- 
nets acting on tuning-forks pitched to particular notes. IIis object 
was so to combine those notes as to demonstrate the formation of 
certain harmonious sounds; but the object of the telegraph-inventors 
is the reverse of that, namely, to transmit them in the form of electric 
vibrations to a distance, and then--as in Wheatstone's experiment-- 
to sift them out again to separate instruments. In most of the plans 
so far made public, a fixed steel bar takes the place of the tuning-fork, 
and therefore of the armature as well When attracted by the mag- 
net, on making a signal, it is of course set vibrating; and, at every 
forward vibratory movement, it closes the circuit and transmits an 
electric impulse. A number of such magnets, their sonorous arma- 
tures sending each a different number of pulsations in a second, may 
be working away at once, and the corresponding instruments at the 
other end of the line will be acted on only by those which suit their 
times of vibration. In other words, of the total number of electric 
charges sent into the line, only those will act on any particular mag- 
net at the receiving end which suffice to cause in its armature the 
number of vibrations per second to which it was set. This, of cours% 
is the same number which was sent by the transmitting instrument 
of the same pai; 1)ractically, the'different tones are not reproduced 
quite unmixed, every arnature being capable of responding though 
in a less degree, to other notes than its own; so that the effect on 
the ear, at one of the receiving magnets, is like that of a number of 
persons talking together in different keys : some quite loudly ; some 
in a lower tone; others in a whisper: To remedy this, different forms 
of esonabors are being tried, adapted to swell the special sounds that 
should be heard. 
The "electromotograph," described in connection with chemical 
telegraphs, is intended, by its inventor, to be ased with some form of 
this acoustic system. )Ir. Gray, of Chicago, another well-known tele- 
graph-inventor, is also understood to have made considerable prog- 
ress in this direction. 
It is matter of reasonable pride to find, at the commencement of 
our second century, the names of Americans so prominently connected 
with all the great improvements in the art which owes so much to 
the labors of Morse and IIenry. 
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CONSCIENCE "IN ANIMALS. 

Br G. J. ROMANES, M.A., F.L.S. 
MONG several other topics which are dealt with in an interest- 
ing article entitled "Animal Depravity" that appeared in the- 
Quarterly Journal of Science for October last, the writer alludes to the 
question as to whether or not the rudiments of a moral sense are dis- 
. 
cernible in animals. This question I consider to be of so much im- 
portance from a psychological point of view that, although a great 
deal of observation which I have directed toward its enlightenment 
has hitherto yielded but small results, I am tempted to publish the 
latter, such as they are, in the hope that, if they serve no better end, 
they may perhaps induce some other observers to bestow their atten- 
tion upon this very interesting subject. 
I may first briefly state what I conceive to be the theoretical 
standing of the subject. At the present day, when the general theory 
of evolution is accepted by all save the ignorant or tle prejudiced, 
the antecedent probability is overwhelming that our noral sense, like 
a]i our other psychological faculties, has been evolved. The question 
as to the causes of .its evolution has been discussed in the "Descent 
of Man," and this with all the breadth of thought and force of fact so 
characteristic of the writings which have exerted an influence upon 
human thought more profound than has been exerted by the writings 
of any other single man--not even excepting Aristotle in philosophy 
or Newton in science. ]Ir. Herbert Spencer, also, has treated of this 
subject, and, if his wonderful "programme" is ever destined to attain 
completion, we may expect copious results when his great powers are 
brought to bear upon the "Principles of Morality." Meanwhile, 
however, we haveample evidence to render it highly probable that at 
any rate the leading causes in the development of our moral sense 
have had their origin in the social instincts. Indeed, to any one who 
impartially considers this evidence in the light of the general theory 
of evolution, it must appear wellnigh incredible that so considerable 
a body of proof ca ever admit of being overcome. :Nor is this all. 
Not only is it true that so much success has attended Mr. Darwin's 
aethod of determining synthetically the causes which have been in- 
strumental in evolving the moral sense,' but, long before any scientific 
theory of evolution had been given to the world, our gr;eat logician-- 
following in the track of Hume (whose part in this matter has not, I 
think, been sufficiently appreciated), Bentham, and others--proved 
 I willingly indorse the just tribute recently paid to this part of Mr. Darwin's work 
by Prof. Clifford : " To my mind the simplest and clearest and most profound philosophy 
that was ever written upon this subject is to be found in chapters ii. and iii. of Mr. Dar- 
win's ' Descent of Man.' "--Fortnightly te,iew, p. 794. 
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of reflecting upon their past conduct, then no animals can possess a 
moral sense, properly so called. And from this, of course, it follows 
that, it" any animals can be shown to possess a moral sense, they 
are thereby also shown to be capable of reflecting pon their past 
conduct. 
Again, if Sir. Darwin's theory concerning the origin and develop- 
ment of the moral sense is true, it is self-evident that we should not 
expect to find any indications of this faculty in animals that are either 
unsocial or unsympathetic. Supposing the theory true, therefore, our 
search for animals in which we may expect to find any indications of 
a moral sense is thus seen to be very restricted in its range: we can 
only expect to find such indications in animals that are highly intel- 
ligent, social, and sympathetic. Since, by the hypothesis, conscience 
requires a comparatively rare collocation of conditions for its develop- 
ment, we must expect to find it a comparatively ral'e product. 
Lastly, as it is quite certain that no animal is capable of reflecting 
upon past conduct in any high degree, and as we have just seen that 
the moral sense depends upon the faculty of so. reflecting, it follows 
that we cannot expect to find any animal in which the moral sense 
attains any high degree of development. 
We are now in a position to draw some important distinctions. 
There are several instincts and feelings which, when expressed in out- 
ward action, more or less simulate conscience (so to speak), but which 
it would be erroneous to call by that name. For instance, the mater- 
nal instinct, although it leads in many cases to severe and sustained 
self-denial for the benefit of the offspring, is nevertheless clearly dis- 
tinct from conscience. The mother in tending her young does so in 
obedience to an inherited instinct, and not from any fear of subsequent 
self-reproach if she leaves her family to perish. She follows the ma- 
ternal instinct, so long as it continues in operation, just as she would 
follow any other instinct ; and it is, as it wer% a mere accident of the 
case that in this particular instance the course of action which the 
instinct prompts is a course of action which is conducive to the wel- 
fare of others. An illustration will render this distinction more clear. 
In his chapter on the "5Ioral Sense," Sir. Darwin alludes to the con- 
flict of instincts which sometimes occurs in swallows when the migra- 
tory season overtakes a late brood of young birds; at such times 
"swallows, house-martins, and swifts, frequently desert their tender 
young, leaving them to perish miserably in their nests." And further 
on he remarks: ' When arrived at the end of their long journey, and 
the migratory instinct has ceased to act, what an agony of remorse 
the bird would feel if, from being endowed with great mental activity, 
she could not prevent the image constantly passing through her mind 
of her young ones perishing in the bleak north from cold and hunger !" 
In other wo'ds, if we could suppose the mother-bird under such cir- 
cumstances to be capable of reflecting upon herpast cow, duct, and, as 
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aft'aid lest the animal should have seized Dr. Hooker and crushed him 
to death. But the driver himself, as Dr. Hooker was assured, ran no 
risk. This forbearance, under an emergency so dreadful for a heavy 
animal, is a wonderful proof of noble fidelity." 1 
)Iany cases of sympathy in monkeys might be given, but I shall 
confine myself to stating one which I myself witnessed at the ZoSlogi- 
cal Gardens.  A year or two ago, there was an Arabian baboon and 
an Anubis baboon confined in one cag% adjoining that which con- 
tained a dog-headed baboon. The Anubis baboon passed its hand 
through the wires of the partition, in order to purloin a nut which the 
large dog-headed baboon had left within reach--expressly, I believe 
that it might act as a bait. The Anubis baboon very well knew the 
danger he ran, for he waited until his bulky neighbor had turned his 
back upon the nut with the appearance of having forgotten all about 
it. The dog-headed baboon, however was all the time slyly looking 
round with the corner of his eye and no sooner was the arm of his 
victim well within his cage than he sprang with astonishing rapidity 
and caught the retreating hand in his mouth. The cries of the Anu- 
his baboon quickly brought the keeper to the rescue, when by dint 
of a good deal of physical'persuasion, the dog-headed baboon was in- 
duced to let go his hold. The Anubis baboon then retired to the 
middle of his cage, moaning p.iteously, and holding the injured hand 
against his chest while he rubbed it with the other one. The Arabian 
baboon now approached him from the top part of the cage, and, while 
making a soothing sound, very expressive of sympathy, folded the 
sufferer in its arms--exactly as a mother would her child lander simi- 
lar circumstances. It must be stated, also, that this expression of- 
sympathy had a decidedly quieting effect upon the sufferer, his moans 
becoming less piteous so soon as he was enfolded in the arms of his 
comforter; and the manner in which he laid his cheek upon the bosom 
of his friend was as expressive as anything could be of sympathy ap- 
preciated. This really affecting spectacle lasted a considerable time, 
and while watching it I felt that even had it stood alone, it would in 
itself have been sufficient to prove the essential identity of sonde of 
the noblest among human emotions with those of the lower animals. 
If there is any validity in the foregoing antecedent reflections, all 
who have the opportunity should make a point of observing whether 
any indications of conscience are perceptibli in monkeys, elephants, 
or intelligent dogs. 5Iy own opportunities of observation have been 
restricted to the last of these animals alone, so I shall conclude this 
article by giving some instances which appear to me very satisfacto- 
rily to prove that intelligent and sympathetic dogs possess the rudi- 
ments of a moral sense. 
 See, also, Itooker's "Himalayan Journal," vol. ii., p. 333 (1854). 
 I hope it is unnecessary to say that, in detailing this and all the subsequent inci- 
dents, I carefully avoid exaggeration or embellishment of any kind. 
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me in the night-time. Indeed the scrupulous care with which he 
avoided making the least noise while I was asleep, or pretending to be 
asleep, was quite touching, even the sight of a cat outside, which at 
any other time rendered him frantic, only causing him to tremble 
violently with suppressed emotion when he had reason to suppose that 
I was not awake. If I overslept myself, however, he us(!d to jump 
upon the bed and push my shoulder gently with his paw. 
The following instance is likewise very instructive : I must premise 
that the terrier in question far surpassed any animal or human being 
I ever knew in the keen sensitiveness of his feelings, and that he was 
never beaten in his life.' Well, one day he was shut up in a room by 
himself, while everybody in the house wher he was, went out. See- 
ing his friends from the window as they departed, the terrier appears 
to have been overcome by a paroxysm of rage; for when I returned 
I found that he had torn all the bottoms of the window-curtains to 
shreds. When I first opened the door he jumped about as dogs in 
general do under similar circumstances, having apparently forgotten, 
in his joy at seeing me, the damage he had done. But when, without 
speaking, I picked up one of the torn shreds of the curtains, the terrier 
gave a howl, and, rushing out of the room, ran up-stairs screaming 
as loudly as he was able. The only interpretation I can assign to this 
conduct is, that, hi former fit of passion having subsided, the dog was 
sorry at having done what he knew would annoy me; and, not being 
able to endure in my presence the remorse of his smitten conscience 
he ran to the farthest corner of the house crying peccavi in the lan- 
guage oi' his nature. 
I could give several other cases of conscientious action on the part 
of this terrier, but, as the present article is already too long, I shall 
confine myself to giving but one other case.. This, however, is the 

 A reproachful word or look from me, when it seemed to him that occasion required 
it, was enough to make this dog miserable for a whole day. I do not know what would 
have happened had I ventured to strike him; but once when I was away from home a 
friend used to take him out every day for a walk in the park. IIe always enjoyed 
his walks very much, and was now wholly dependent upon this gentleman for obtaining 
them. (He was once tolen in London through the complicity of my servants, and never 
after that would he go out by himself, or with any one he knew to be a servant.) Never- 
theless, one day while he was amusing himself with another dog in the park, my friend, 
in order to persuade him to follow, struck him with a glove. The terrier looked up at 
his face with an astonished and indignant gaze, deliberately turned round, and trotted 
home. :Next day he went out with my friend as before, but after he had gone a short 
distance he looked up at his face significantly, and again trotted home with a dignified 
air. After this my friend could never induce the terrier to go out with him again. It is 
remarkable, also, that this animal's sensitiveness was not only of a selfish kind, but ex- 
tended itself in sympathy for others. Whenever he saw a man striking a dog, whether 
in the house or outside, near at hand or at a distance, he used to rush to the protection 
of his fellow snarling and snapping in a most threatening way. Again: when driving 
with me in a dog-cart, he always used to seize the sleeve of my coat every time I touched 
the horse with the whip. 
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AIR-GERMS Ah'D St)OTA'EOUS GENERATIO. , 

BY P. SCH(TZE.NBERGER. 

HE question of the origin of ferinents is intimately connected with 
that of spontaneous generatiom In fact, fl'om the time of Van 
tIelmont and others, who, even in the seventeenth century, gave dit'ec- 
tions for the production of mice, frogs, eels, etc., the partisans of this 
mode of generation have, by the progress of the tendency to examine 
into the causes of things been driven from the larger animals or plants 
visible to the naked ey% to the smallest living productions, which We 
can observe only by the aid of the microscope. But ferments are 
found among these infirior microscopic organisms: Redi, a member 
of the Academy of Cimento, showed that the worms in putrefied flesh 
which were at first thought to be of spontaneous origin, are only the 
larvm from the eggs of flies and that all that was necessary, to pre- 
vent entiiely the birth of these larvae, was to surround the decompos- 
ing meat with fine gauze ; he was the first to ascertain that parasitic 
animals are sexual and able to lay eggs. 
The invention of the microscope, and th6 numerous observations by 
which it was followed, toward the end of the. seventeenth, and the 
commencement of the eighteenth century, gave fresh impulse to the 
doctrine of spontaneous generation, which had lost all credit in ques- 
tions concerning the origin of living beings of a higher order. 
The question now was how to explain the origin of the various 
living productions, revealed by the microscope in infusions of vege- 
table and animal substances among which no apparent symptom of 
sexual generation could then be found. 
The subject was studied for the first time in a scientific manner by 
:Needham who published, in 1745, in London, a work- on this subject. 
This observer did tbr infusoria what had already been done for the 
higher organisns. He protected, or rather endeavored to protect 
vegetable or animal infusions from the action of germs, seeds, or any 
other agents of multiplication which could come from without. At 
the same time he destroyed by a physical agent, heat, the germs which 
might be supposed to exist betbrehand in the liquid. Under these 
conditions, either living beings will be produced in the midst of the 
infusion or none will be found there; in the former case, it must be 
admitted that these organisms are developed in the medium which is 
suitable to them, without the intervention of any germ ; in the second 
that the doctrine of spontaneous generation is false. In reality, the 
question can only be resolved in this mariner, and all experimenters 
 Abridged from "Schiitzenbergcr on Fermentations," 1o. XX. of the "International 
Scientific Series." 
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water, which had been kept for two or three months in a heated 
stove, without any development of organisms, to an apparatus ar- 
ranged like that in Fig. . 

]1 

The pointed end of the flask passed into a strong glass tLbe .39 to 
46 inch in its inner diameter, within which he had placed a piece of 
tube. of small diameter, open at both ends, free to slip into the larger 
tube, and inclosing a portion of one of the small plugs of cotton 
loaded with dust. The larger glass tube is bound to a brass tube in 
form of a T, furnished with stopcocks one of which communicates 
VOL. x.--7 
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could be kept for an indefinite time in the stove, without giving rise 
to the smallest production of mould or infusoria. The milk preserves 
its tast% its smell and all its properties; and the atmosphere of the 
flask is only slightly modified in its composition. This difference be- 

tween milk and urin% or sweetened yeast-water must be attributed 
to the alkaline condition of the former medium whereas the two oth- 
ers are acid. In fact if we previously neutralize the acid of the sweet- 
ened yeast-water by means of calcium carbonate we obtain organisms 
under the same conditions of the experiment as those under which 
they were not before developed. 
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in which cholesteremia has been produced in animals by injection of 
cholesterine into the blood. 
In 1867 at the request of the Commissioners of lublic Charities 
and Correction of New York City 1)r. Flint reorganized the dietary 
system for the institutions under their charge, including Bellevue Hos- 
pital, Charity Hospital, loorhouse Workhouse, lenitentiary, etc., etc., 
making diet-tables for more than 10000 persons.. In 1871 he made 
observations upon XVeston the pedestrian analyzing his food and 
secretions for fifteen days before during and after one of his great 
walking-exploits. These inquiries lelp to decide some important 
pbysiological questions. 
In 1869 Dr. Flint published an elaborate review of the history of 
the discovery of the motor and sensory properties of the roots of the 
spinal nerves, in which the discovery was ascribed to Iagendie in- 
stead of to Sir Charles Bell, who has generally been regarded as its 
author. This review, originally pub!ished in the Journal of.Psyco- 
logical Jl[edicine, New York, in 1868, was translated into French, and 
published in Robin's ou.rnal de l'anatomie. It produced such an im- 
pression that it was soon followed by the publication, in the English 
ournal of Anatomy, of the original paper of Charles Bell, "Idea of 
a New Anatomy of the Brain," which was privately printed (not pub- 
lished) in 1811. The original manuscript was furnished to the Jour- 
nal of Anatomy by the widow of Sir Charles Bell. It was upon this 
paper that the claims of Charles Bell to the discovery were based ; 
and, before its publication in the ournal of Anatomy, it had been 
entirely inaccessible. 
Claude Bernard has been the eminent advocate of the theory that 
the liver is a sugar-producing organ ; but observations upon this sub- 
ject were discordant and eminent physiologists conested Bernard's 
position. In 1869 Dr. Flint published in the Nw YolK [1I)C1. 
Jov.xl, a series of experiments upon the "glycogenic function of the 
liver,  in which he endeavored to harmonize the various conflicting 
observations, and is considered by most pliysiologists to have settled 
the question. 
In 1866 he announced the publication of the "Physiology of 
,Ian," a work in five volumes of 500 pages each, and the last volume 
was issued in 1874. He printed a little work in'1870 on "Chemical 
Examinations of Urine in Disease ' which went through several edi- 
tions. He contributed the articles on gymnastics and pugilism to ,he 
"American Cyclopaedias" was appointed Surgeon-General of the State 
of New York by Governor Tilden in 1874 and has recently published 
a voluminous "Text-book of Human Physiology." IIe has also writ- 
ten much for scientific periodicals and popular journals, and has been 
actively engaged in his duties as a physiological teacher. 
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EDITOR'S TABLE. 

THE .ZrEW DEPARTURE AT THE CEN- 
TENNIAL EXHIBITIO.,V. 
E print the report of Commis- 
sioner Beckwith on the plan 
that has been adopted for the distribu- 
tion of awards to exhibitors at the Phil- 
adelphia Exposition. In this matter 
the Centennial Commissioners have 
taken a new and very important step 
in advance of previous practice. The 
report is significant, as indicating a 
departure from the precedents of all 
former international exhibitions in a 
fundamental and perhaps the most im- 
portant feature of their management. 
The system of gold medals and special 
prizes heretofore adopted has been 
abandoned, and articles of exhibition 
are to go upon their merits, as deter- 
mined by competent judges from this 
country and abroad, and who will be 
responsible to the public for the opin- 
ions they give by signing their names 
to the published reports: This is a vic- 
tory of honest good sehse over former 
bad practices, which is most encour- 
aging, and deserving of the heartiest 
commendation. 
International expositions are new 
things in the world's experience. That 
is, they are new, as enormous exten- 
sions of local fairs and exhibitions 
which have been long in vogue. The 
primary idea was to bring all kinds of 
products together for public inspection 
and purchase. The show-element grad- 
ually became predominant, and the fair 
grew into an exhibition. The collection 
of rival commodities naturally led to 
competition, and this to conmittees of 
judgment or juries, which gave premi- 
ums for articles of the greatest ex- 
cellence. Medals of gohl, silver, and 
bronze, were assigned as testimonials 
of excellence in the articles approved. 
When the exhibitions grew into their 

great international proportions, this old 
method of awards was continued. But 
it was a very imperfect method, and 
its evils came out conspicuously in the 
great shows of London, Paris, and Vi- 
enna. The plan of granting graded 
medals is necessarily crude and inade- 
quate ; for, even if the awards are made 
upon the best judgment of the juries, 
they tell nothing, and are besides arbi- 
trary and misleading. The differences 
among competing articles, in most 
cases, will not be as marked as the 
gradation of medals implies; so that 
their award will necessarily work in- 
justice. There may be a score of prod- 
ucts of the same kind, each, perhaps, 
with special merits, and none conspicu- 
ously preeminent; so that a gold med- 
al awarded to one will greatly exagger- 
ate its clains, and grossly wrong its 
rivals. 
But this is not all, nor the worst. 
Medals become valuable and are eagerly 
sought because of the very injustice 
they work. To crown a single article, 
casts virtual reproach upon all its com- 
petitors; and hence the gold medal 
which exalts one thing and disparages 
all in rivalry with it is striven for with 
desperate eagerness by exhibitors on 
account of the commercial advantages 
that follow. The door is thus opened 
to every form of illegitimate influence 
that can be brought to bear upon the 
judges. The prizes to be won, being 
of enormous value, are fought for with 
such a reckless disregard of the means 
employed that men of integrity often 
quit the juries in disgust rather than be 
implicated in their corrupt proceedings. 
How great the strain must be, in many 
cases, is apparent when we reflect that, 
if'the old system were in operation at th 
Philadelphia Exposition, there would 
probably be many exhibitors who could 
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ent cries and exclamations, consisting exclusively of vowel-sounds ; 
this continued several months. 
:By degrees consonants were added to the vowels, and the excla- 
mations became more and more articulate. This process resulted in a 
sort of prattle of great diversity and completeness, which would be 
kept up for a quarter of an hour at a time, and repeated ten times a 
day. The sounds (vowel and consonant), which at first were vague 
and very hard to discriminate, became more and more like those ut- 
tered by adults and the series of simple cries came to be, in some 
measure like a foreign language which we do not understand. The 
infant is pleased with its prattle like a bird; one can see that she is 
happy--that she smiles with pleasure--yet it is nothing better than 
the chirruping of a bird as yet, for the child does not attach any 
meaning to the sounds she utters. (Ag% twelve months). 
She has acquired thus much, in great measure, by her own endeav- 
ors and unassisted but she has gained a little by the aid of others and 
by imitation. First of her own accord she produced the sound mm .: 
this amused her--it was for her a discovery. So to% she of herself 
produced another sound kraaau emitted from the windpipe in deep 
gutturals. These two sounds were repeated several times in succes- 
sion in the hearing of the child; sle would listen attentively and 
now she repeats them at once on hearing them. The sane is to be 
said of the sound papapapa, which she at first uttered several times 
at random and by herself and which was then repeated to her a num- 
ber of times, in order to fix it in her memory. She soon uttered 
this sound at will, with easy, unerring execution (though without un- 
derstanding what it meant), as simple prattle. In short example and 
education have served only to call the child's attention to sounds 
which she herself was already attempting to make ; to direct her pref- 
erence to these to make them uppermost among the host of similar 
sounds. But the initiative all came from herself; and the same is to 
be said with respect to gesture. For months she of her own accord 
attempted all the movements of the arms flexion ot" the hand at the 
wrist bringing the hands together, etc. Then after instruction and 
repeated effort she learned to clap hands, o hold up the two hands, 
as in the gesture of astonishment etc. Example, instruction and 
education, are only channels in the bed of which the stream flows; 
its source lies higher. - 
To see that this is the case, one has only to listen to her prattle for 
an hour : it is wonderfully flexible. I am satisfied that here every shade 
of emotion--surprise, joy vexation, sadness--finds expression in va- 
rieties of tone; herein she equals or even surpasses the adult. On 
comparing her with animals even those best endowed in this way-- 
stch as the dog parrot singing-birds--I find that with a less-extended 
gamut o" sounds, she far surpasses them in the fineness and the abun- 
dance of her expressive intonations. Delicacy of impressions and dell- 
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by an eagle, or the wind is likely to beak their order, they close in 
circles. Their passage frequently takes place during the night, which 
is known by their sonorous voice, which announces it ; and the head 
of the troop often utters, to indicate the route he is taking, a cry of 
appeal to which all his followers answer. Their voices even on these 
nocturnal voyages, are exceedingly loud--probably owing to the 
length of the windpipe and the convolution near its bronchial ex- 
tremity. When they cry during the day they are generally understood 
to forebode rain, as is the case with the cries of many other birds 
which feed partially on those worms which the approaching humidity 
brings to the surface--not only when the rain actually falls, but when, 
from the changed state of the air, the evaporation is much dminished. 
When they are peculiarly noisy and tumultuous, and fly near the 
ground, occasionally alighting, it is considered as a pretty certain in- 
dication of a tempest. On the other hand when they rise high, and fly 
onward in regular order, it is regarded as a sign of fine weather." 
That great observer, Virgil, has used the simile of cranes in flight 
in a grand passage in the tenth "2Eneid," to give an idea of the Greeks 
and Trojans charging each other in the battle-field- 
' .... Clamorem ad sidera tollunt 
Dardanida3 e muris: spes addita suscitat iras: 
Tela mann jaciunt. Quales sub nubibus atris 
Strymonia3 dant signa grues atque mthera tranant 
Cum sonitu fugiuntque lotos clamore secundo." 
[The Trojans, from their walls, raise acclamations to the. stars. _Ad- 
ditional hope rouses up their fury. Darts from their hands they hurl, 
as under the black lowering clouds Strymonian cranes give the signal 
and swim along the skies with obstreperous din, and from the stormy 
south winds with joyous clamor fly.] 
I consider the marvelous natural trumpet of the crane to be a most 
beautiful provision given by the Creator to these wild birds to enable 
them to keep their ranks, and not lose each other when migrating. 
In fact, we men have adopted the idea by using trumpets. It often 
happens that the dust at a field-day is so great that very little can be 
seen, while it would be impossible for the human voice to be heard; 
trumpets, therefore, come in here of the greatest service, especially to 
direct movements of cavalry. In the same way, the cranes might 
possibly lose each other when flying in the wilderness of space of the 
vast firmament of ether, and, were it not for their being able to signal 
to each other, they would be unable to travel with facility either at 
night, or when passing through clouds and fogs. 
A few days since a valued correspondent in Ireland sent us the 
breastbone of a Itooper swan. I have dissected this, and find the 
trachea convoluted in a manner very similar to that of the crane. 
There is a legend that when a swan is dying he becomes nmsical. 
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nia, and has been found in considerable quantity in West Virginia, 
Ohio, Kentucky, and Tennessee. It has also been found, but in small 
quantities, in New York State, near Chicago, in ]lichigan, Indiana, 
Colorado, and California. The oil of Southern California cones from 
Tertiary shales, and is said to contain no paraffine. 
The Upper Oil-Region of Pennsylvania begins in the vicinity of 
Tidioute, on the Alleghany, in Warren County, and runs southwest 
to Titusville, thence nearly south, along Oil Creek, into Venango 
County to Oil City, and thence southwest to Franklin. East Sandy, 
on East Sandy Creek, is at the extreme southeast edge of this field, 
and forms the only connecting link between the upper and lower oil- 
fields of the State. The principal points in this upper region are Tidi- 
out% Triumph, and Economy, in the Tidioute District; Vest IIick- 
ory, New London ; the Titusville District, including the Drake well ; 
Church Run, Pit-Hole, Shamburg, Petroleum Centre, Rouseville (be- 
tween these two places were the Blood well, of 1,000 barrels daily, 
and the Phillips well, which once flowed 3,940 barrels in twenty-four 
hours, and has produced over 500,000 barrels), Oil City, Sage Run, 
and Franklin. The Valley of Oil Creek, within a length of twenty 
miles, produced over $110,000,000 worth of oil, from au actual area 
of less than three square miles. 
The Lower Oil Belt begins at Triangle City, Beaver Creek, Clarion 
County, and runs southwest twenty-one miles to St. Joe, in Butler 
County, and is the greatest producing area so far found (II. E. Wrig- 
ley, op. cir.). In 1866 rock with some oil was struck at Brady's 
Bend at a depth of 1,100 feet, giving rise to further investigation of 
the river above, which resulted in the discovery of a sand-rock of 
57 feet thickness, at a depth of 960 feet, on the Alleghany River at 
Parker's Landing. A number of wells that had been supposed fail- 
ures were afterward drilled to the proper depth, with great results. 
The oil-bearing rock of Pennsylvania is a sand-rock, of which dif- 
ferent strata are struck at different depths. 
The operators speak of these as the first sand, second sand, and 
so on. After going through loose soil and a shale or slate-rock, the 
first sand is struck generally near the surface in the upper oil-regions 
(at a depth of 71 feet in the case of the first well sunk, the Drake 
well) ; 100 to 200 feet below this is the second sand; at 300 to 400 
feet more the third sand, and then a fourth and fifth sand at inter- 
vals of about 150 feet. These sand-rocks are generally light-col- 
ored, and are separated by slate and other dark sand-rocks. 
The heavy oil of Franklin comes from a sand-rock 260 feet deep, 
and from 50 to 80 feet in thickness. The ower sand-rocks are said 
to produce very bright, pure oils. Only 39.5 square miles of the 
3,115 miles of the oil-region of Pennsylvania are actually productive. 
The West Virginia oil-wells occur along an anticlin:d extending 
fi'om the borders of Southern Ohio through Wood, Wirt, and Ritchie. 
VOL. IX.--IO 
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subject, mention should be made of the gas which so generally accom- 
panies the oil. It is often met with in the oil-regions when no oil is 
struck, producing "gas-wells;" and is also met with where no oil, or 
very little, is found, on the borders of the oil-districts. Many private 
residences and manufacturing establishments are heated and lighted 
by this gas ; Fredonia, :New York, has been lighted with it for years. 
The :Newton gas-well, five miles south of Titusville, Pennsylvania, is 
786 feet deep, and yielded 4,000,000 cubic feet per day, supplying 
light and fuel to a great number of dwellings and manufactories in 
Titusville. Jk rolling-mill near Pittsburg is run by gas brought 
from Butler County, a distance of about nineteen miles, and when it 
is not needed the gas is lighted, furnishing a jet of flame seventy feet 
high, which, with another jet from a neighboring mill, furnishes a 
grand spectacle at night. 
This gas is the cause of spouting-wells. If a well is sunk into the 
top of a fissure containing oil and gas, the gas will first escape, and 
then the oil must be pumped out; but, if the well strikes in the oil, 
the pressure of the gas would first drive out the oil. If water also 
was present and the well struck the bottom of the fissure the heavier 
water would first escape, then the oil, and then the gas. Such a well, 
after standing a while-would again yield oil on pumping, then perhalS 
water only, or water and oil, until it had had another rest. If the 
supply of gas is kept up by an open crevice, .the well may continue to 
flow for some time. The pressure of neighboring water may also 
cause the oil to flow from a well. Generally the pumping-wells are 
pretty constant, although when a number of wells are bored near 
together they interfere with each other, and sometimes water poured 
down one well will appear in another, and this method has 1)een 
pursued to bring rival well-owners to terms. 
A few words may here be said about drilling wells and transport- 
ing the oil. The wells are drilled by means of drilling-tools like 
those ued in sinking artesian wells, which are suspended by a cable, 
and operated by small steam-engines. The well is lined with wrought- 
iron tubing, screwed together in sections, and, to prevent water from 
flowing down the outside of the lining into the well, a water-packer is 
used, which is essentially a circular piece of leather with the edges 
cut and turned upward, so that the whole forms a cup about the tube, 
which is pressed tightly against the sides of the well by the weight 
of the column of water. It is much better than the old flaxseed bag. 
The oil is conveyed from the oil-district to the refineries and. shipping- 
stations by means of wrought-iron pipes, two to four inches in diam- 
eter, which form a network throughout the entire country, and have 
an aggregate length of nearly 2,000 niles. One company carries the 
oil thirty-seven miles, in this way, from Butler County to the vicinity 
of Pittsburg. 
REFIIG A'D U'SES O' pTOLE-..--Crude petroleum contains 
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This is a fit place to say that you must keep a close eye upon'the 
tumblers you employ for insulation. Some of them r made of common 
glass r are hardly to be accounted insulators at all. Ve shall prove this. 
Our mastery over this subject of induction must be complete r for 
it underlies all our subsequent inquiries. Without reference to it 
nothing is to be explained ; possessed of it you will enjoy r not only a 
wonderful power of explanation r but of prediction. We will attack 
it r thereforer with the determination to exhaust it. 
And here a slight addition must be made to our apparatus. 'e 
must be in a condition to take samples of electricity, and to convey 
them r with the view of testing them r from place to place. For this 
purpose the little " carrier r" shown in Fig. 10 r will be found conven- 
ient. Tis a bit of tin-foil, two or three inches square. A straw stem 
is stuck on to it by sealing-wax r the lower end of the stem being cov- 
ered by sealing-wax. To make the insulation sure r the part between 
 and S' is wholly of sealing-wax. You can have stems of ebonite, 
which are stronger r lbr a few pence ; but you can have this one for a 
fraction ot" a penny. The end/' is to be held in the hand ; the elec- 
trified body is to be touched by T and the electricity conveyed to au 
electroscope to be tested. 

R  
Fo. 10. 

Touch your rubbed glass rod with T, and then touch your electro- 
scope: the leaves diverge with positive electricity. Touch your 
rub-bed gutta-percha or sealing-wax with T and then touch your elec- 
troscope: the leaves diverge with negative electricity. If the elec- 
tricity of any body augment the divergence produced by the glass, 
the electricity of that body is positive. If it augment the dirergence 
produced by the gutta-percha, the electricity is negative. And now 
we are ready for further work. 
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Discharge the egg by touching it. Rei!xcite the.glass tube and 
bring it again near. Touch the egg with a wire or with your finger 
at a. Is it the negative at a, into which you plunge your finger, that 
escapes? No such thing. The free positive fluid passes through the 
negative, and through your finger to the earth. Prove this, by re- 
moving first your finger and then the glass tube. The egg is charged 
negatively. 
Again: place two eggs, E  Fig. 12, lengthwise on two dry 
wineglasses, g g, and cause two of their ends to touch each other, as 
at C. Bring your rubbed glass rod near the end a, and while it is 
there separate the eggs by moving one glass away from the other. 
Withdraw the rod and test both eggs: a is negative, b is positive. 
The two charges neutralize each other in the electroscope. Again: 
bring the eggs together and restore the rubbed tube to its place near 
a. Touch a and then separate the eggs. Remove the glass rod and 
test the eggs : a is negative, b is neutral. Its electricity has escaped 
through the finger, though placed at a. 
Push your experiments still farther, and, instead of bringing the 
eggs, T T', Fig. 13, together, place them six feet or so apart, and let 
a light chain C, or wire stretch fro-m one to the other. Two brass 

balls or wooden balls covered with tin-foil, and supported by tall 
drinking-glasses, G G', will be better than the eggs for this experi- 
ment, for they will bear better the strain of the chain; but you can 
make the experiment with the eggs, or very readily with two apples 
or two turnips. For the present we will suppose the straw-index I I' 
not to be there. Rub your glass tube/i, and bring it near one of the 
balls ; test both: the near one, T', is negative, the distant one, T, 
positive. Touch the near one, the positive electricity, which had been 
driven along the chain to the remotest part of the system, returns 
along the chain, passes through the negative which is held captive by 
the tube, and escapes to the earth. When the tube is removed, nega- 
tive electricity overspreads both chain and balls. 
In Fig. 6 you made the acquaintance of the plate  and the 
rot.. xx.--11 
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lated will answer. Let a small weight suspended from a silk string 
rest on one end of the conductor and hold your rubbed glass rod 
near the other end. You can. predict beforehand what will occur 
when you remove the weight. It carries away with it electricity, 
which repels rubbed glass, and which attracts your balanced lath. 
Stand on an insulating stool: make one if necessary, by placing 
a board on four warm tumblers. Present the knuckles of your right 
hand to the end of the balanced lath and stretch forth your left arm. 
There is no attraction. But let a friend or an assistant bring the 
rubbed glass tube over the left arm; the lath immediately follows 
the rigit hand. 
While matters continue thus touch the lath, which I suppose to 
be uninsulated ; the "attractive virtue," as it was called by Gray dis- 
appears. After this, as long as the excited tube is held over the arm 
there is no attraction. But when the tube is removed the attractive 
power of the hand is restored. I-Ier% you will at once comprehend 
the first attraction was by positive electricity driven to the right hand 
from the left, and the second attraction by negative electricity, liber- 
ated by the removal of the glass rod. 
Stand on an insulating stool, and place your right hand on the 
electroscope: there is no action. Sretch forth the left arm and per- 
mit an assistant alternately to bring near, and to withdraw an excited 
glass tube. The gold-leaves open and collapse in similar alternation. 
At every approach, positive electricity is driven over the gold-leaves ; 
at every withdrawal, the equilibrium is rest.ored. 
I will now ask you to charge your Dutch gold electroscope posi- 
tively by rubbed gutta-percha, and to charge it negatively by rubbed 
glass. _A_ moment's reflection will enable you to do it. You bring 
your excited body near: the same electricity as that of the xcited 
body is driven over the leaves, and they diverge by repulsion. Touch 
the electroscope the leaves collapse. Withdraw your finger, and 
withdraw afterward the excited body: the leaves then diverge with 
the opposite electricity. 
The simplest way of testing the quality of electricity is to charge 
the electroscope with electricity of a known kind. If, on the approach 
of the body to be tested, the leaves diverge still wider the leaves and 
the body are similarly electrified. The reason is obvious. 
The wealth of knowledge and of interest, which these experiments 
involv% may be placed within any boy's reach by the wise expendi- 
ture of half a crown. 

Once firmly possessed of the principle of induction and versed in 
its application the difficulties of our subject will melt away before us. 
In fact our subsequent work will consist mainly in unraveling phe- 
nomena by the aid of this principle. 
Without a knowledge of this principle we could render no account 
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of the attraction of neutral bodies by our excited tubes. In reality, 
the attracted bodies are not neutral: they are first electrified by in- 
fluence, and it is because they are thus electrified that they arc at- 
tracted. 
This is the. place to stamp upon your mind the following considera- 
tions: Neutral bodies, as just stated, are attracted, because they are 
really converted into electrified bodies by induction. Suppose a body 
to be feebly electrified positively, and that you bring your rubbed 
glass-rod to bear upon the body. You clearly see that the induced 
negative electricity may be strong enough to mask and overcome the 
weak positive charge possessed by the body. We should thus have 
two bodies electrified alike, attracting each other. This is the danger 
against which I promised to warn yon in Section 10, where the test of 
attraction was rejected. 
We will now apply the principle to explain a very beautiful inven- 
tion, made known by the celebrated Volta in 1775. 
SEC. 14. The 3lectroplorus.--Cut a circle, T (Fig. 15), six inches 
in diameter, out of sheet-zinc, or out of common tin. IIeat it at its 

Fro. 15. 

centre by the flame of a spirit-lamp or of a candle. Attach to it there 
a stick of sealing-wax, H, which, when the metal cools, is to serve as 
an insulating handle. You have now the lid of the electrophorus. A 
resinous surface, or what is simpler a sheet of vulcanized India-rubber, 
P, or even of hot brown paper, will answer for the Tlate of the elec- 
trophorus. 
Rub your "plate" with flannel, or whisk it briskly with a fox's 
brush. It is thereby negatively electrified. Place the "lid" of your 
electrophorus on the excited surface: it touches it at a few points only. 
For the most part lid and plate are separated by a film of air. 
The excited surface acts by induction across this film upon the lid, 
attracting its positive and repelling its negative electricity. You 
have in fact in the lid two layers of electricity, the lower one, which 
is "bound," positive; the upper one, which is "free," negative. Lift 
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the lid: the electricities flow again together; neutrality is restored, 
and your lid fails to attract your balanced lath. 
Once more place the lid upon the excited surface: touch it with 
the finger. What occurs ? You ought to know. The free electricity, 
which is negative, will escape through your body to the earth, leaving 
the chained positive behind. 
ow lift the lid by the handle: what is its condition ? Again I 
say you ought to know. It is covered with free positive electricity. 
If it be presented to the lath it will strongly attract it ; if it be pre- 
sented to the knuckle it will yield a spark. 
A smooth half-crown or penny will answer for this experiment. 
Stick to the coin an inch of sealing-wax as an insulating handle ; bring 
it down upon the excited India-rubber: touch it, lift it, and present it 
to your lath. The lath may be six or eight feet long, three inches 
wide, and half an inch thick; the little electrophorus-lid, formed by 
the half-crown, will pull it round and round. The experiment is a 
very impressive one. 
Scrutinize your instrument still further. Let the end of a thin 
wire rest upon the lid of your electrophorus, under a little weight if 
necessary, and connect the other end of the wire with the electro- 
scope. As you lower the lid down toward the excited plate of the 
electrophorus, what must occur ? The power of prevision now belongs 
to you and you must exercise it. The repelled electricity will flow 
over the leaves of the electroscope, causing them to diverge. Lift the 
lid, they collapse. Lower and raise the lid several times, and observe 
the corresponding rhythmic action of the electroscope-leaves. 
A little knob of sealing-wax, , coated with tin-foil; or indeed any 
knob with a conducting surface, stuck into the lid of the electropho- 
rus, will enable you to obtain a better spark. The reason of this will 
immediately appear. 
SEc. 15. Action OfDoints and .Flanes.--The course of exposition 
proceeds naturally from the electrophorus to the electrical machine. 
But before we take up the machine we must make our minds clear re- 
garding the manner in which electricity diffuses itself over conductors, 
and more especially over elongated and pointed conductors. 
Rub your glass tube and draw it over an insulated sphere of metal 
--of wood covered with tin-foil, or indeed any other insulated spheri- 
cal conductor. Repeat the process several times, so as to impart a 
good charge to the sphere. Touch the charged sphere with your car- 
rier, and transfer the charge to the electroscope. ote the diver- 
gence of the leaves. Discharge the electroscope, and repeat the ex- 
periment, touching, however, some other point of the sphere. The 
electroscope shows the same amount of divergence. Even when the 
greatest exactness of the most practised experimenter is brought 
into play, the spherical conductor is found to be equally charged 
at all points of its surface. You may figure the electric fluid as 
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the needle; while cactus, . blackthorn, and rose, fell more and more 
behind the needle in sharpness. Calling, for example, the charge ob- 
tained from euphorbia 90, that obtained from the ne.edle was 80, and 
from the rose only 53. 
Fro. 17. 

Considering that the electricity is self-repulsive, and that it heaps 
itself up upon a point in the manner here shown, you will have little 
difficulty in conceiving that, when the charge of a conductor carrying 
a point is sufficiently strong, the electricity will finally disperse itself 
by streaming from the point. 

The following experiments are theoretically important: Attach a 
stick of sealing-wax to a small plate of tin, so that the stick may stand 
upright. Heat a needle and insert it into the top of the stick of wax; 
on this needle mount a carrot. You have thus an insulated conduct- 
or. Stick into your carrot at one of its ends a sewing-needle, and 
hold for an instant your rubbed glass rod in front of this needle with- 
out touching it. What occurs ? The negative electricity of the car- 
rot is discharged from the point against the glass rod. Remove the 
rod, test the carrot: it is positively electrified. 
And now for another experiment, not so easily made, but still cer- 
tain to succeed if you are careful. Excite your glass rod, turn your 
needle away from it, and bring the rod near the other end of thecar- 
rot. What occurs ? The positive electricity is now repelled to the 
point, from which it will stream into the air. Remove the rod and 
test the carrot: it is negatively electrified. 
Again, turn the point toward you, and place in front of it a plate 
of dry glass, wax, resin, shellac, paraffine, gutta-percha, or any other 
insulator. Pass your rubbed glass tube once downward or upward, 
the insulating plate being between the excited tube and the point. 
The point will discharge against the insulating plate, which on trial 
will be found negatively electrified. These experiments, I may say, 
were discussed, and differently interpreted by the two philosopher.% 
during an important correspondence between Faraday and Proi: 
Riess.  
I Philosophical Magazine," vol. xi., 1856. 
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turned, as it passes each rubber it is positively electrified. Facing 
the electrified glass is the row of points midway between the two 
rubbers. On these points the electrified glass acts by induction, at- 
tracting the negative and repelling the positive. In accordance with 
the principles already explained the negative electricity streams from 
the points against the excited glass, which passes on neutralized to 
the next rubber, where it is again excited. Thus the prime conductor 
is charged, not by the direct communication to it of positive elec- 
tricity, but by depriving it of its negative. 

Fio. 19. 

If, when the prime conductor is charged, you bring the knuckle 
near it, the electricity passes from the conductor to the knuckle in 
the form of a spark. 
Take this spark while the machine is being turned, and then try 
the effect of presenting the fihger-ends, instead of the knuckle, to the 
conductor. The spark falls exceedingly in brilliancy. Substitute for 
the finger-ends a needle-point, you fail to get a spark at all. To ob- 
tain a good spark the electricity upon the prime conductor must reach 
a sufficient density (or tension, as it is sometimes called). To secure 
this, no points from which the electricity can stream must exist on the 
conductor, or be presented to it. All parts of the conductor are 
therefore carefully rounded off, sharp points and edges being avoided. 
It is usual to attach to the conductor an electroscope, consisting 
of an upright metal stem, A 6', Fig. 20, to which a straw with a pith- 
ball, , at its free end, is attached. The straw turns loosely upon a 
pivot at C. The electricity passing from the conductor is diffused 
over the whole electroscope, and the straw and stem, being both posi- 
tively electrified, repel each other. The straw, being the movable 
body, flies away. The amount of the divergence is measured upon a 
graduated arc. 



LESS 01VS I.tV .ELECTRICITY. 

sealing-wax, A. Connect the sewing-needle with the machine, and 
turn. A wind of a certain force is discharged from every point, and 
the cross is urged round with the same force in the opposite direction. 
You might easily, of course, so arrange the points that the wind 
from some of them would neutralize the wind from others. But the 
little pointed arms are to be so bent that the reaction in every case 
shall not oppose, but add itseff to, the others. 

The following experiments 'ill yield you important information 
regarding the action of points " Stand, as you have so often done be- 
fore, upon a board supported by four warm tumblers. Hold a small 
sewing-needle, with its point defended by the fo-efinger of your right 
hand, toward your Dutch metal electroscope. Place your left hand 
on the prime conductor of your machine. Let the handle be turned 
by a friend or an assistant: the leaves of the electroscope open out a 
little. Uncover the needle-point by the removal of your finger: the 
leaves at once fly violently apart. 
hIount a stout wire upright on the conductor of yo(r machine; or 
support the wire by sealing-wax, gutta-percha, or glass, at a distance 
from the conductor. Connect both by a fine wire. Bend your stout 
wire into a hook, and hang from it "a tassel composed of many strips 
of light paper. Vork the machine. Electricity from the conductor 
flows over the tassel, and the strips-diverge. IIold your closed fist 
toward the tassel, the strips of paper stretch toward it. Hold the 
needle, defended by the finger, toward the tassel: atctration also en- 
sues. Uncover the needle without moving the hand; the strips re- 
treat as if blown away by a wind. 
And now repeat Du Fay's experiment which led to the discovery 
of two electricities. Excite your glass tube, and hold it in readiness, 
while a friend, or an assistant, liberates a real gold or silver leaf in 
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the air. Bring the tube near the leaf- it plunges toward the tube, 
stops suddenly, and then flies away. You may chase it round the 
room for hours without permitting it to reach the ground. The leaf 
is first acted upon inductively by the tube. It is powerfully attracted 
for a moment, and rushes toward the tube. But from its thin edges 
and corners the negative electricity streams forth, leaving the leaf 
positively electrified. Repulsion then sets in, because tube and leaf 
are electrified alike. The retreat of the tassel in the last experiment 
is due to a similar cause. 
There is also a discharge of positive electricity into the air from 
the more distant portions of the gold-leaf, to which lhat electricity 
is repelled. Both discharges are accompanied by an electric wind. 
It is possible to give the gold-leaf a shape which shall enable it to 
float securely in the air by the reaction of the two winds issuing from 
its opposite ends. This is Franklin's experiment of the Golden Fish. 
It was first made with the charged conductor of the electrical machine. 

I. St-tsczek revived it in a more oonvenient form, using instead of the 
conductor the knob of a charged Leyden-jar. You may walk round 
a room with the jar in your hand; the "fish" will obediently follo\v 
in the air an inct or two, or even three inches, from the knob. ('ce 
A 1, Fig. 22.) Even a hasty motion of the jar will not shake it 
aay. 
Well-pointed lightning-conductors, when acted on by a thunder- 
cloud, behave in the same way. The opposite electricity streams out 
from them against the cloud. 
Franklin saw this with great clearness, and illustrated it with 
great ingenuity. The under-side of a thunder-cloud, when viewed 
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horizontally, he observed to be ragged, composed of fi'agments one 
below the other, so,netimes reaching near the earth. These he re- 
garded as so many stepping-stones which assist in conducting the 
stroke of the cloud. To represent these by experiment, he took two 
or three locks of fine loose cotton, tied them in a row, and hung 
them from his prime conductor. When this was excited, the locks 
stretched downward toward the earth; but, by presenting a sharp 
point erect under the lowest bunch of cotton, it shrunk upward to 
that above it, nor did the shrinking cease till all the locks had 
retreated to the prime 5onductor itself. "h lay not," says Franklin, 
"the small electrified clouds, whose equilibrium with the earth is so 
soon restored by the point, rise up to the main body, and by that 
means occasion so large a vacancy that the grand cloud cannot strike 
in that place ?" 

HIR-TS FOR TIlE SICK-ROOM. 

-VHEN a woman thinks of making deliberate choice of the pro- 
fession of a sick-nurse, she can, of course take into careful 
consideration if her character and temperament are or are not suited 
for so arduous and trying an avocation. If she is a person of excit- 
able nature, and possessed of but little self-control, she can be wisely 
counseled to give up the idea of a life for which she is so thoroughly 
unfit ; but no peculiarities of character or temperament can exempt a 
woman from being called upon by the plain voice of duty, at one time 
or other of her life, to take her stand by the bedside of one dear to 
her, and soothe as best she nay many a weary hour of restlessness 
and pain. 
Very few, indeed, are the women who escape this rule--most have 
to take upon themselves the burden of attendance in a sick-room-- 
and perhaps there are few subjects Ul)On which the generality of 
women are so well-intentioned, and yet so ignorant. With the very 
best and kindest meaning in the world, attention bestowed upon a 
suffering person may be productive of more discomfort than comfort 
to the patient, and endless annoyance to the physician, just because 
the zealous, but alas! untrained and undisciplined volunteer does 
everything the wrong way. 
Again, from a mistaken and unreal idea of true delicacy and re- 
finement, many women shrink from ever seeing or learning anything 
about suffering or sorrow; and so, when the inevitable fate brings 
the sights and sounds of pain, the dreadful realities of death, cruelly 
home to them, they are paralyzed by terror, and useless, nay, worse 
than useless to those most dear to them. Even as I write, sad in- 
stances rise before my mind of a lack of moral courage, an utter ira- 
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One of the many very eminent surgeons of whom America can 
boast once told me that on the occasion of performing a most formi- 
dable operation, in which pronptitude was a vital necessity, he saw, 
at a moment when seconds were precious, a friend, who had insisted 
on remaining present, suddenly turn deadly pale, and fall fainting on 
the iloor, in uncomfortably close proximity to the chloroformed pa- 
tient. Dr. B-- stooped down, and quietly rolled the insensible 
individual into a corner of the room, where he enjoyed undisturbed 
repose until such time as some one had time to "bring him to." 
Thus it may be seen that any one who is in the least nervous, and 
cannot be certain of his own powers of self-command, acts with 
truer kindness in remaining absent from such scenes, than by becom- 
ing an added source of anxiety, where there is so much already of the 
gravest character. If, however, a woman has the moral courage to 
face such trials calmly, and without flurry--if she can do simply what 
she is told and nothing more--if she can hold her tongue--wholly 
dismiss herself from her own mind, concentrating all her attention on 
the patient, she may be of untold help and comfort. On the other 
hand, a sick-nurse who asks the doctor endless questions--who pre- 
sumes in her ignorance to criticise his treatment--who is spasmodic 
in her sympathy, and ejaculatory in her lamentations, is pestilent in 
a sick-room, and should, if possible, be got rid of at any cost. 
But as well as the nervous and excitable nurse, there is another 
species of the genus against whom I would warn any one who in the 
least values his own comfort, and that is, the person who insists upon 
"helping you" to nurse some very severe case, and never ceases assur- 
ing you that she "keeps up splendidly at the time, but afterwardw ;" 
and then comes an ominous shake of the head, which is a ghastly in- 
tilnation of what a time you will have of it with her, when what 
she is pleased to call the "reaction ' sets in. :Nothing can be more 
aggravating than to contemplate such an individual, and look forward 
to the "breaking-down" which she assures you is inevitable, and which 
you feel assured will come just when you and everybody else are tired 
out with nursing the real sufferer, and when you want to go to bed, 
and sleep your sleep out. The very idea of having to put hot-water 
bottles to her feet, and mustard-poultices to her side, and cooling 
lotions to her aching brow, and watch her acting the martyr (the 
while you are wishing her at Jericho, or some other equally hard-to- 
get-back-from place), is not a pleasant anticipation, as you sit opposite 
to her through a loug night of watching, and she tells you, with a 
melancholy yet vainglorious countenance, how she shall "pay for this 
afterward." But she treats with scorn your suggestion that she should 
go to bed--indeed, she would be bitterly disappointed if she might 
not immolate herself---and you. This sort of thing is what I call "self- 
ish unselfishness," a kind of self-sacrifice that is always acting as its 
own bill-poster. 
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But there is one kind of nervousness which I do not think meets 
with sufficient consideration and that is the unconquerable fear which 
you will find some people have of any disease that is infectious. 
low I think this sort of fear is far more constitutional than mental 
and it appears to me most uncharitable to speak of those who are thus 
nervous by temperament as "so frightened" etc. Depend upon it if 
any one has a great dread of infection he is far better away from the 
chance of it. If I heard a person express a great and overpowering 
dread of small-pox cholera fever or diphtheria I should do all in my 
power to prevent that person going near any case of the kind because 
I should be morally certain of the result. As a rul% I believe that 
those who are perfectly fearless are comparatively sai ; and there is 
no truer test of perfect freedom from nervous dread than the fact of 
being able to sleep at onc% quietly and naturally and without the 
mind being obliged to dwell upon the work of the day. The best 
cholera-nurse I ever saw used to tell me that she often sat down in the 
corner of a room on the floor and "slept right off" for half an hour 
at a tim% either day or night just as such opportunity for rest pre- 
sented itself. But of course there are exceptions to all rules ; and one 
of the most devoted and the most fearless in attendance on the sick, 
during a terrible epidemic died just when the worst of the battle 
seemed over. 
But to return to some of those "trifles," the knowledge of which 
is so needful to those who would try to fulfill well the duties of an 
amateur sick-nurse. 
When active personal care of a sick person is undertaken, the fin- 
ger-nails should be kept very short. I have seen a long nail tear open 
a blister and expose a raw surfac% causing great pain. For the same 
reason, all removable rings should be taken off; and any ornaments 
that hang loose and make a jingling noise are best dispensed with 
as they irritate and annoy a sensitive patient. 
It seems to me that this very unpretending paper will be hardly 
complete without a few words as to the diet that is best for any one 
acting as sick-nurse in a long and trying case. 
One great point is, to let no silly notions of sentiment prevent you 
making a practice of taking substantial and regular meals; and, when 
you have to sit up all night, be sure and have food at hand and never 
go more than three hours without eating. Now I am going to say 
what I know many will highly disapprove of and it is this:when 
you are nursing a long and anxious case, and you want to be able to 
"stay" to the end, avoidall stimulants. There is nothing you can do 
such hard work upon, there is nothing that will support you in long- 
continued watching and fatigue like good well-made coffee. Stimu- 
lants only give a temporary excitement, that passes itself off as 
strength. They injure that clearness of thought that perfect quie- 
tude and recollectedness which are so essential to the good sick-nurse ; 
vo. x.--12 
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This is the normal order of the wind-currents, and that which 
would prevail with nearly perfect regularity if the world were a uni- 
form globe of water or of land, and equally heated on both sides of 
the equator. But the continents, and particularly mountain eleva- 
tions, produce great disturbances--unequal rainfalls and ever-varying 
atmospheric pressures. When also, from any cause, one of the trade- 
winds, notably the southern, is increased in its violence, so as to push 
a tornado-tongue across the dividing line, into the opposite system of 
winds, there is started one of those cyclones, or great circular storms, 
which ravage the tropics and whirl through the temperate zones, 
finally exhausting themselves in the higher latitudes to the eastward. 
The southern hemisphere is at the present time colder than the 
northern, owing primarily to the fact that the winters there are eight 
days longer than the northern, and the sun, during those seasons, 
about 3,000,000 miles farther from the earth than during the north- 
ern winters. The difference of temperature, therefore, between the 
warm air that rises at the equator and the cold air that comes in 
from the south is greater than that on the north side. And, as it is 
difference of temperature that produces the whole movement of the 
air-currents, of course the greater strength of that movement must be 
on the southern side. Hence the larger share of the equatorial cur- 
rent passes over to the south, and the southern trades are much the 
strongest. In accordance with this theory, it is a matter of observa- 
tion that the southern trade-winds reach across the equator and into 
the northern hemisphere in some places ten to fifteen degrees. 
In obedience to and perfect accord with this great system of winds, 
the waters of the oceans move. The strong southeast trades blow u 1) 
from Southern Africa, cross the equator, and drive the waters of the 
South Atlantic into the Caribbean Sea. The lighter northeast trades, 
blowing between North Africa and the SVest Indies, assist and give 
direction to this movement, which finally impels through the Straits 
of Florida a tide of tropical waters a hundred times greater than the 
outflow of all the rivers in the world. This great flood of thermal 
waters spreads out in the Northern Atlantic, imparting to Europe a 
climate corresponding to countries twenty degrees south of it on 
this sid of the oceau. There is, of course, aa under-current from 
the Arctics to the equator, exactly compensating this enormous 
northward flow of the surface-waters. The same process and effect 
are repeated in the Pacific Ocean; and the great Japan Stream robs 
the southern hemisphere, for the benefit of our Pacific-States, only 
in a degree less than does the Gulf Stream for the benefit of Europe. 
A change in the relative strength of the trade-winds, such that the 
northeast trades would blow across the equator into the southern 
hemisphere, would entirely reverse the course of the warm ocean- 
currents, and carry to the southern continents the heat abstracted 
from the northern. Such a change in the course of ocean-streams has 
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sorted drift and the scratched and polished rocls all through the stone 
presentations. But very few, if any such evidences have been found. 
2gain for a warm and exuberant climate to extend into the arctic 
zone there was necessary one of those great summers of considerable 
eccentricity without the excessive drainage which an unusually large 
accumulation of ice in the opposite hemisphere would necessitate. 
Each summer cycle of coal forests or of reptile monsters implies 
not only a long visit and a high evaporating power of the sun but 
also the addition to the opposite polar regions, of a weight of ice 
only sufficient to draw the waters from a small 1)art of the low and 
fiat lands of the warmer hemisphere. We have seen that periodsof 
warm perhaps even tropical climates in polar latitudcs intervened 
between the great winters of the last glacial epoch. But they have 
left scarcely a trace in the strata. They were the nearest pproach 
possible, with the sun-power of recent times, to the conditions which of 
old brought out such a profusion of animal and vegetable life. But 
the only result in the later periods was that the earth was unbal- 
anced. All the waters were either.turned into ice, or were following 
after it toward one of the poles. One side of the world was a frozen 
waste while the other was a burning waste. 
I think we cannot avoid the conclusion that the sun shone with a 
far intenser power on the Carboniferous swanps and the 051itic shoals 
than on the gravel-hills of the Drift ; that the oceans of early times 
were wider and warmer than now and circulated more freely between 
the tropics and the polar seas; and that the heated and moisture- 
laden atmosphere retained the heat and equalized the tcml)erature 
between the equator and the poles far more than at present. 
With these conditions that "is, with a greater sun-power and a 
considerable eccentricity of the earth's orbit I can conceive a rational 
explanation, that which I have not yet seen in the books, of the for- 
mation of the coal-layers, alternated as they always are with marine 
deposits. These alternations are sometimes very numerous. There 
are as many as sixty distinct veins of considerable thickness one 
over another in the coal-mines of South Wales, as also of Nova Sco- 
tia. There must have been in that case, sixty periods of dry land, 
each of sufficient duration to grow many forests, and each followed 
by a long-continued submergence in order that each layer should be- 
come fossilized and buried beneath a shale or a limestone which 
could only have formed in the depths of a quiet sea. The books say 
there were so many upheavals, and a like number of subsidcnces alter- 
nating with each other. As if Old Earth had bent her back, for her 
load of pit-coal, threescore times among the Welsh hills, and again as 
many. more at IIalifax. It is a far more reasonable explanation, that 
each considerable layer of coal indicates a cycle of long summers, 
and the withdrawal of a moderate depth of the oceans from one hemi- 
sphere to the other, by reason of moderate accumulations of ice in 
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polar latitudes, and the return, again, of the waters after 10,500 
years. In thisway, and in no other that I can conceive of, can 
be fairly explained the constant mixture and alternations of terres- 
trial and marine relics, all through the fossil-bearing formations, 
and the hundreds, if not thousands of different and distinct strata 
which are found lying one above another. 
Whoever, even cursorily, studies th*e phenomena of geology, must 
be impressed with the enormous length of time it has taken to arrange 
the terrestrial substructure, and prepare it for the higher forms of 
life. Even the comparatively recent period of the Bowlder Clay, 
which laid out the grounds of the present area of civilization, dates 
back for its commencement, as we have seen, probably 200,000 
years. If it might be assumed that the Permian or lew Ied 
Sandstone was formed during the next previous period of extrior- 
dinary eccentricity, which was 850,000 years ago, then the Devo- 
nian or Old Red Sandstone would come in, very appropriately, at 
the next anterior era of extraordinary focal distance, which occurred 
2,500,000 years back. The Carboniferous period, which came be- 
tween these two, could not have been formed in less than 1,000000 
years, as most geologists concede; and by calculations previously 
indicated, those sixty Welsh layers of coal, if there are that many, 
divided off by marine deposits of considerable thickness, would have 
consumed 1,250,000 years. 
The average thickness of all the strata that lie above the Old Red 
Sandstone is not far from two miles. But this formation is itself, in 
many places, two miles thick. And the lower Primary systens will 
add at least ten miles to the vertical measure of the fossil-bearing 
rocks. I is estimated that "the fossliferous beds in Great Britain, as 
a whole, are more thhn 70,000 feet in thickness ; ' and many that are 
there wanting, or nearly so, elsewhere expand into beds bf immense 
depth. There are certainly fifteen miles deep of strata to be account- 
ed for--the slow accretions of the ages--mainly ocean-sediment that 
has come down from the wear and washings of the solid rocks. It 
would be by no means a bold assumption to say that 20,000,000 years 
had elapsed since the eozo(in first built its reefs in the warm Lauren- 
tian seas. 

AXES AND IIATCIIETS, ARCIENT ARiD IODERR'. ' 
B H, Rv. ARTIIUR RIGG, M. A. 
OOLS with cutting-edges are not only numerous and varied in 
form, but they are also varied in the purposes for which.they 
are formed, and in the mode of using. IIence no very precise state- 
ment of what is generally meant by a "cutting-edge ' can well be 
 From a lecture delivered before the London Society of Arts. 
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size of the timber and the character of the fibre. A hatchet is handled 
with the centre of gravity nearer the cutting-edge than the line of the 
handle ; an axe with the centre of gravity in the line of handle pro- 
duced. Of this, however, more hereafter. 
The mode of attaching a handle to an axe in the bronze age is 
very instructive to us. The illustrations are suggestive enough, and 
need only a passing remark. It will be observed that for the pur- 
pose of handling, some of these axes are socketed, others wedge- 
pointed. The socketed ones were evidently handled as we handle 
socketed chigels. There is, however, one peculiarity, and that worthy 
of consideration. These bronze hatchets have in many. instances a 
semicircular, ring-like projection (see Figs. 4 and 5), the object of 
which was for a long time a puzzle, but the suggested mode of 
handling the implements, if correct as seen in the diagram, points 
to a knowledge of directions of tension and of pressure, 'hich engi- 
neers at the present day cannot but admire. If any one has ever 
struck a common hatchet to any great depth into timber, and care- 
lessly endeavored to loosen it by raising the extremity of the handle, 
he may have found the handle separate from the metal near the junc- 
tion of the two. ow the withe, or lashing, shown in this bronze in- 
stru.ment, has been put, as we should put it at the present day, in 
order to strengthen the connection at this, the weakest part. 

Fro. 3. 

FG. 5, 

Figs. 3, 4, 5, are examples of the modes of handling these ancient 
bronze hatchets. Fig. 3 is the most primitive. Fig. 4 and Fig. 5 
illustrate the mode adopted to strengthen by tension-cords the weak- 
est part of the handle. A remnant of this tension-cord is probably 
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of the straight part o,f the blade, and to counteract the tendency of 
the wedge-side pressing he hatchet out of its true plane. 
0: ADZEs.--Those whose business requires the forming of lengths 
of wood into curved shapes, and who rely upon the adze for the prelimi- 
nary operation, use an Indian form of adzc. In India it is held so near 
the metal that th workman's hand touches the metal. He accomplishes 
blows chiefly by acting from the elbow. This very general mode of 
holding gives a pretty uniform length to the radius of the swing, hence 
the form of the adze in the plane of the swing is nearly that of the cir- 
cle described. The angle of the handle and the adze is very much the 
same as that of the handle of the file-maker's hammer and the head. 
TIIE TVO-HA:NDED ADzE.--When we look at the adze as used by 
English wheelwrights or shipwrights, we may well shudder to see 
how it is handled, especially when the cutting-edge is taken into ac- 
count. The operation, briefly described, is the following: The work- 
man stands with one foot upon the wood, this foot being in the line 
of the fibre. IIe thus assists in steadying (say) the felloe of a wheel. 
From this felloe much of the wood oia which the sole of his shoe rests 
has to be removed. It will be noticed that the long handle of the 
adze is curved--the object of this is to permit an efficient blow to be 
given, and the instrument brought to a stop before the handle strikes 
any part of the workman's body ; in fact, caused to stop by the ex- 
haustion of its impact energy in and among the fibres of wood to be 
separated. The edge is often so keen as to cut through a horse-hair 
held at one end and pressed against it. 
This instrument is raised by both hands until nearly in an horizon- 
tal position, and then not simply allowed to fall, but steadily driven 
downward until the curved metal, with its broad and sharp edge, 
enters near to, if not below, the sole of the workman's shoe, separat- 
ing a large flake of wood from the mass ; the handle is rapidly raised, 
and the blows repeated. This is done with frequency, the workman 
gradually receding his foot until the end-flakes of wood arc separated. 
It is fearful to contemplate an error of judgment or an unsteady blow. 
William Tell and the apple on his son's head are, in another form, 
here repeated. 
Fro. 1-2. 
So skilled do men become in thus using the adze, that some will 
undertake, with any predetermined stroke in a series, to split their 
shoe-sole in two. 
CURVATURE OF ADzE.--Clearly the adze must be sharpened from 
the inside, and, when the action of it is considered, it is also clear that 
the curvature of the adze-iron must be circular, or nearly so. 
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So that, in the ree of knowledge, as the branches grow in all direc- 
tions, their offshoots come to touch at innumerable points. 
The multiplication of effects may be traced not only in physics, 
chemistry and cognate sciences, but also in the chapters of natural 
history and the facts of human life. The organized faculties of an 
animal which are distinctly different may be considered--of course, 
with proper, qualification--as elements which may be grouped per- 
mutatively in the various actions directed to aid maintenance or pro- 
mote safety; although in the case of any particular variety of a 
species, a vast discrepancy must exist .between the theoretical results 
of the mathematical law and the number of different groupings really 
made, yet, if the discrepancy is tolerably constant in degree in any 
two successive cases, the relations between two such cases may be 
stated by the law with an approximation to truth. Thus if a variety 
of quadrupeds with, say, four distinct and presumedly averaged pow- 
ers be taken, at first sight it would seem but one-third better offin the 
struggle for existence than another variety with three several powers ; 
yet the one may have an advantage over the other as great as four 
to one, for the variety of actions possible to the former may cover a 
field four times as great as the others. This aids us in understanding 
why variations in useful rather than those in useless directions tend 
strongly to persist. They do so because of-the immense exaltation 
of power that comes with the development of any new faculty, any 
new means of securing a livelihood or escaping danger; and so great 
is this exaltation that even minor degrees of development have an 
appreciable value and tend to become permanent and to increase. 
The effects of the laws under consideration also help to make clear 
why transition periods in organic :Nature have been brief as revealed 
in their infrequent traces in such geological records as we possess. 
When new circumstances have demanded the acquisition of new 
powers, or rather the development of dormant ones, the odds have 
been overwhelming against such individuals of a race as have been 
inelastic in the required direction, so that in a comparatively short 
period all that lived knew the new lesson. 
A further corollary which harmonizes with observed facts is that, 
as species progress, an ever-increasing width of gap would separate 
kind from kind, and the highest individual of a kind from the next 
below it. The lowest organisms, monera, have no definite shape; 
polyps, some grades above them, conform very tolerably to a certain 
outline ; and so on in the scale of life an increasing individuality keeps 
pace with an increasing divergency, until man and the tree mark the 
two great summits of :Nature in her animal and vegetal forms. 
hIany able students of the theory of evolution stop short at the 
chasm which divides the human climax from the allied primates, and 
hesitate to believe that there can be a common origin for apes and 
the race which has produced a Beethoven and a Iaphael; but a con- 
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sideration of the laws which have been stated and which are closely 
borne out by observation would lead us to expect just what we find, 
namely in the processes of development intermediate links would 
drop out after comparatively brief existence between planes of life 
increasingly separated so that the last difference of power and intelli- 
gence would be the greatest of all. 
_And, furthermor% the same laws make intelligible the vast gulfs 
we find fixed between our intellectual giants and the rest of mankind 
so that they form a small solitary band above us all, leaving a mere 
understanding of their mighty works the test of our highest powers. 
A single English dramatist and a single English mathematician have 
probably equaled in scope and excellence of original work, in their 
several fields, all the like labors of their countrymen put together. 
Two other mathematical laws abstractedly of great power and 
generality may be noticed in the many phases of evolution, namely, 
those treating of the relations between areas and solids of the same 
form, varying in size. In like plane figures, bou,ndaries increase di- 
rectly as like dimensions and areas as the square; in similar solids, 
surfaces increase as the square and contents, as the cube of like dimen- 
sions. These laws state in an abstract way the economy of aggrega- 
tion, whether domestic industrial, social, or political. The farmer 
profits by them when he takes down costly-fences in enlarging his 
domain ; the ship-builder avails himself of them when he models his 
monster craft which shall carry the cargo of half a dozen small vessels 
at half the expense; the Broadway architect embodies them in 
his lofty designs, .rivaling in a business structure the height of a 
common church-steeple, putting two ordinary buildings on one lot of 
ground. 
From the time when animals first noticed that two together were 
stronger than two singly, the gregarious instinct has been assisted in 
taking a firm hold on many species from its usefulness in attack and 
defense ; where it is not exhibited, exceptional circumstances prevent : 
for instance, a spider would have nothing to gain by going into part- 
nership, for it preys on flies much weaker than itself and no company 
of spiders however large could do battle with a swallow, or a house- 
maid armed with a broom. 
Speaking in a general way such savage tribes of men as have had 
the strongest social feeling, and the largest mutual confidence, havw 
other things equal had an advantage over less coherent neighbors, 
and so on, until now modern history deals with national groups fewer 
than ever before and becoming fewer still. 
In commerce, also, the largest banks, mercantile firms, and facto- 
ries, grow continually larger by virtue of the less expense attending 
the management of extensive groups. The costly competition of 
many small manufactories and merchants is passing away before the 
more economical methods of a few strong concerns. CoSperation in 
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Successive increments of difference in degree may gradually merge 
and become exalted into a difference in kind. A number of pendu- 
lums might, if unresisted, vibrate in an arc forever, but, if on one of 
them the movements of the others are suitably concentrated, its arc 
will gradually increase in amplitude until it becomes a circle. 
This principle of concentration appears in organic Nature in the 
p'hysiological division of labor, and in the adaptation of every organ- 
ism to some particular environment which nmy be to it its field and 
kingdom. Analogy would lead us to suppose that the different duties 
of the brain are performed by special parts. So directly profitable 
has the division of labor been found in manufacturing industry, that 
in many cases it has been pushed to an injurious extreme, for a man 
is stunted in developnent when all his powers of mind and body but 
one remain unexercised. Specialists in art and science discover that 
their highest excellence can only come with a comprehension of wide 
principles and study in many various fields. 
So far irom concentration being invariably useful, diffusion may 
bea process incident to progress. A lump is soonest leavened by 
leaven distributed throughout it, crystallization proceeds more swiftly 
from separate nuclei than from a- concrete mass: Analogously, the 
best, wisest, and most talented men of a people exert a larger influ- 
ence when scattered through it than if gathered into an over-central- 
ized capital, where they radiate chiefly on each other. 
In the laws which have been considered thus briefly, it has ap- 
peared that their tendencies are continually progressive ; that, while 
the capital of evolution is being increased, so also is the rate of com- 
pound interest by which it accumulates. It is now fitting that some 
of the causes should be noticed which reduce these tendencies from 
their theoretical power to the moderate activity we find them really 
presenting. 
A minor and unfavorable sort of natural selection is that made by 
animals not carnivorous when they have a choice of food; they take 
the best to be had, and leave the rest to propagate its kind. This 
residue may be very bad indeed, when the total supply is scanty; in 
crowded pastures the grazing herds only permit the worst parts of the 
clover to come to seed, and squirrels always first eat the best nuts 
stored in their hiding-places, and any surplus that might germinate. 
and grow is commonly of a very poor kind. The acquisition of new 
powers by an animal is usually accompanied by a gradual and injuri-- 
ous loss of its original ones; neither the omnivorous hog nor the higher- 
primates can number readiness in swimming among their resources, 
although their inferior ancestry doubtless could. The introduction of 
machinery is steadily causing us to lose the deftness and dexterity of 
the old, unaided handicrafts, yet never so much as now were knack and 
skill of value, for they are indispensable to the designer and inventor im 
their work. A highly-cultivated citizen of New York, when he pene,- 
VOL. X.--14 
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societies, as mutual trust and confidence advance, they are liable to 
be rudely checked from time to time as the rewards of the liar and 
thief temptingly increase. The ver perfection of mechanical appli- 
ances is used by the burglar and counterfeiter, and only a high de- 
gree of educated ingenuity and a world-wide mercantile good thith 
could have made such a fiend as Thomassen possible. The invention 
of new machinery, the manufacture of new chemicals, the extensions 
of mining, and the commingling of increased travel, in their accidents 
and sometimes in their baneful results in common pursuit, render the 
tasks of physician and surgeon more difficult than ever before. The 
complications of modern life are so great and varied, that the moral 
laws do not possess the direct and simple force they had of old; in the 
surge and vortex of to-day it takes a keen intellect to separate right 
from wrong, and many err because their consciences are not reOfforced 
by education for the new exigencies. 
ETolution is underlaid, as is all change, by the greater law of the 
persistence of force, ever holding the even balance through all com- 
plexity, maintaining throughout all a just compensation. Every new 
faculty and enjoyment is earned by its equivalent of work, trouble, 
or ill; with every addi.tion to power comes an addition to wants, to 
labor, and the possibilities of pain. As the stores of the mind increase 
so also do ideals craving satisfaction become higher and wider" ever 
"on the isthmus of a middle state," man is at once a record of the 
past and a prophecy of the future; limited by his inheritance to defi- 
nite acquirement, he yet aspires, by nascent impulses, for such better 
things as only his posterity can ever possess. 

EXPERIIEITS O1 HYPITOTIS[. 

B FRAbKLIN CtIASE CLARKE 5I. D. 
OME time ago my attention was called to two articles on "Hyp- 
notism in Animals," in the columns of THE PoPUL Scnc. 
)IONTLV,  in which I became very deeply interested. 
For the sake of those who may have forgotten what the author, 
Prof. Czermak, said in regard to these very curious phenomen as 
observed in fowls I will briefly describe his mode of proceeding, and 
afterward give ,the results of my own experiments. 
And, first, of the crawfish experiment. If a crawfish is held firinly 
in one hand, while with the other  passes" are made along the back 
of the animal from head to lower extremity, the animal will become 
so quieted as to allow itself to be placed in any position whatever, even 
the most unnatural, without once stirring. Among people generally 
 September and November, 1878. 
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this has been called "mesmerism" or " magnetisn." Prof. Czermak 
proved that neither magnetisn nor mesmerism is active in the pro- 
duction of this phenomenon. 
. 
This case is simple enough, that of the fowls is more complex. It 
has been thought that if"a chalk-line" were drawn the length of a 
hen's beak, or from eye to eye across the beak, while held upon a flat" 
surface, she would remain perfectly quiet tbr more or less time when 
the hands were removed. I think this is commonly believed in our 
own country. Here, the chalk-line seemed intimately connected with 
the phenomenon. 
Kireher varied the experiment by erasing the chalk-line. He also 
tied a ribbon around the legs of the fowl, and then removed it ; and 
the hen still remained quiet. According to him the imagination of 
the fowl plays an important part; and he laid great stress on the 
acts of "tying" and "chalking." 
Prof. Czernak does not attach much importance to Kircher'.s con- 
clusions, in his first lecture. But, in his second, he seems to believe 
that the "tying and chalking" exert some slight influence through 
the imagination. He relies mainly, however, on the " stretehiug 
out" of the fowl's neck. Pigeons gave him more trouble in this re- 
spect ; and this caused him to modify his theory to some extent, tie 
agreed,-however, that after a hen had once been subjected to this 
neck-stretching process, she could be caught and placed upon the floor 
or any other surface, without being again subjected to it ; that is, hold 
her firmly until all stnggling has ceased, and she can be placed iu 
ahnost any position .without once touching the neck. tlere t)rof. 
Czermak stops, and fi-om this point my own experiments begin. 
I first repeated many of his experiments on fowls, without using 
chalk and string, and with as successful results. Afterward I varied 
the mode of experimenting. Hens, ducks, cats, and canary-birds, have 
thus all succumbed to this peculiar procedure at my hands, and in 
every instance without my subjecting them once to" neck-stretching," 
except, of course, when I was repeating his experiments. 
My first experiments, since repeated, were nmde upon some pet ca- 
nary-birds when I was quite a child, and knew nothing of this phe- 
nomenon. I had three of these little bird, one male and two females. 
These I would often remove from their cage, hold them in my hand un- 
til they became quiet, and then place them upon the floor. In this 
way I would often have all three lying out upon the floor perfectly 
motionless. As to whether their eyes remained closed, or not I have 
no recollection. The male was very wild, and, if not watched care- 
fully, would fly from the floor. 
This experiment I have since practised on a canary, and obtained 
the same results as I did when I first noticed the peculiarity. Here 
let me say again that I never t6uched the head or the neck of the 
bird. 
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light. So that, whether we have to do with the movement of a sun- 
flower s or with the locomotions of minute living units, the essential 
mode of production of the movement is probably similar. Of the 
actual locomotions of minute living units under the influence of light 
many instances might be cited; it will suffice, however, to mention 
the fact that any green zo0spores which may have been uniformly 
diffused through the water are very apt, when the vessel containing 
them is placed near a window, to collect on the surface of the water 
at the part where most light falls upon them. Iinute animal or- 
ganisms are, however, often affected quite differently by this agent. 
They are frequently caused to move away from, rather than toward, 
its source; so that the creatures thus impressed 'seek'' the shade 
rather than the glare of sunlight. 
The action of such influences and the production of such move- 
ments form the beginnings or substrata, as it were, of other phe- 
nomena with which we are now more particularly concerned. The 
unilateral influence of light and the movements to or from its source 
to which it may give rise afford a connecting link between diffused 
causes like heat, which, by affecting the general activity of the vital 
processes in the organisms, may lead to purely random movements, 
and those more localized influences now to be considered, to which 
the various definite or responsive movements of organisms are attrib- 
utable. 
The first, because it is the simplest, of these localized influences to 
be considered is a shock or mechanical impact of some kind, falling 
upon the external surface of the organism. This is the primordial 
or most general of all the modes by which the surface of an organism 
is impressible, and its sensitivity to such stimuli is both in the stage 
of impression and the stage of reaction closely akin to the general 
organic irritability of protoplasm--which, indeed, unquestionably 
constitutes its starting-point. This mode of impression, moreover, is 
one which tends to establish a correspondence between the organism 
and the most common events or properties of the medium in which 
it lives and moves. It is consequently the mode of impressibility 
most extensively called into play among all the lower forms of 
animal life. And although the whole surface of an organism, or the 
greater part of it, in one of the sianple animals to which we are refer- 
ring, may be more or less impressible to shocks or impacts from con- 
tact with surrounding bodies, it often happens that sch impressions 
nore frequently fall upon, and are more readily received by, certain 
appendages situated at the anterior extremity of the animal, in close 
proximity to the mouth. Such specialized parts or tactile appendages 
are known as papillae, set,e, tentacles, antennv% or palpi, according to 
the forms which they assume in different animals. 
Why such organs are developed so frequently at the anterior 
extremity of the animal, and in the neighborhood of the mouth rather 
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instances be quickly followed by a more gross mechanical contact, the 
rudimentary visual impression is as Spencer says a kind of "antici- 
patory touch." From this simple beginning in which bodies only 
slightly separated from the impressible loci excite certain general or 
only vaguely specialized impressions co.'responding to light and shade 
therein the organs of sight and their impressibility gradually become 
nore and more elaborate. To rudimentary aggregations of pigment 
transparent media are added which condense the light on these im- 
pressible patches and these media in other organisms are sufficiently 
like a lens to be adequate to tbrm a definite image of an external body 
on the layer of pigment which on its other side is in contact with 
a nerve-expansion communicating with a contiguous ganglion. :Nu- 
merous simple structures of this kind may exist apart from one another 
as in many bivalve mollusks or they may be far more numerous and 
closely aggregated so as to form such compound eyes s are met with 
in crustaceans and in insects. Or individual ocelli maybe perfected 
as in spiders or lower crustacea though most notably of all among 
the cuttle-fish tribe in which two movable eyes are met with whose 
organization is just as perfect as that of the eyes of fishes. 
The difference in degree and range of sensitiveness existing be- 
tween the simple "eye-specks" of some of the lower worms and the 
elaborate organs existing in the highest insects and mollusks is enor- 
mous. The range and keenness of vision become progressively ex- 
tended so that creatures with more perfect eyes are capable of receiv- 
ing and appreciating impressions from objects more and more distant 
and the various actions which become established in response to im- 
pressions habitually made upon such sensitive surfaces increase enor- 
mously in number variety and complexity. The relation existing 
between the keenness of the sense of sight and the powers of locomo- 
tion of insects has long been recognized by naturalists. Prof. Owen 
for instance thus alludes to it: "The high degree in which the power 
of discerning distant objects is enjoyed by the flying insects corre- 
sponds with their great power of traversing space. The few excep- 
tional cases of blind insects are all apterous, and often peculiar to 
the female sex as in the glow-worm cochineal-insect, and parasitic 
stylops." 
The various actions of insects and of invertebrate animals gener- 
ally are however found to be easily capable of classification. They 
are in the main, subservient to the pursuit and capture of prey to 
the avoidance of enemies to the union of the sexes or to the care of 
their young. To such ends are their various motions whether occa- 
sional or habitual more or less directly related. :Nothing is here said 
however as to the extent to which such ends are realized by the ani- 
mals themselves. 
In vision as I have said we have to do with a refinement of the 
sense of touch whereby the animal becomes sensible of impressions 
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lows by means of connecting fibres, while they are also more distantly 
united with other nerve-ganglia in different parts of the body by means 
of commissural fibres. 
But another special sense-endowment remains to be referred to. 
This has to do with the organism's power of appreciating sounds or 
" auditory" expressions--a power which is, however, probably pos- 
sessed in only a low degree by most invertebrate animals ; since, even 
in the most perfect form of the organ of hearing among them we 
have to do with a very rudimentary structure. In this respect there 
is a great difference between the sense of sight and the sense of hear- 
ing. While the eye of the cuttle-fish attains a degree of elaboration 
that does not fall so very far short of the most perfect form which it 
displays among vertebrate animals, the organ of hearing, as a mere 
organ, in all forms of the invertebrata is remaxkable for its simplicity 
and remains notably inferior to the highest type attained by this sen- 
sorial apparatus--which, with its nerve-connections, becomes so enor- 
mously developed in many mammals and in man. 
Like the sense of sight and the sense of smell, that of hearing, even 
in its simplest grades, serves to bring the organism into relation with 
more or less distant bodies, so long as they are sufficiently sonorous- 
to transmit the so-called "sound" vibrations through water or air to 
the sensitive organs which become attuned to receive such impres- 
sions. 
An auditory organ does not seem to be present at all--certainly 
none has as yet been detected or inferred to exist--in many of the low- 
er forms of life; while in other animals, though inferred to exist, it 
remains as yet unrecognized. This is the case, for instance, with the 
majority of crustacea, spiders, and insects. Judging from the instances 
in which an organ of hearing has been detected in mollusks, and in a 
very few representatives of the classes above named it seems (however 
novel the information may be to many readers) that it is an organ of 
special sense which is not habitually or even usually, found in the 
head and in direct relation with one of the ganglia composing the 
brain. Further remarks, however, on this subject must be deferred 
until a brief description has been given of the nature and distribution 
of the nervous system in some of the principal groups of invertebrate 
animals. 
Thes% then are the commonly-received modes by which organisms 
are impressed from without, and by which they attune themselves to 
the conditions and actions in their medium. It was recognized by 
Democritus, and other ancient writers, that they are all of them deriv- 
atives or more specialized modes of a primordial common sensibility 
such as is possessed by the entire outer surface of the organism. Touch 
tast% smell, vision, and hearing, are sense-endowments having their 
origin in organs formed by a gradual diffe:entiation of certain portions 
of the external or surface layer of lhe body--that is, of the part in 
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which common sensibility is most frequently called into play. And 
just as this common sensibility is a crude or genell sense of touch, so 
are the several special senses only more or less highly-refined modes oi 
the same sense-endowment. In the case of special tactile organs oi 
organs of taste and organs of smell, the several contacts between the 
animal and the body which impresses it, though differing in their deli- 
cacy or refinement are still immediate; while iu the case of the or- 
gans of hearing and the organs of vision the contact between the sensi- 
tive surfaces and the impressing body is mediate, by the intervention 
in the one case of vibrations transmitted through water or air, and, 
in the other, of vibrations from the often far-distant lmninous body, 
through an intermediate and all-pervading ether. 
The movements of locomotion, or of parts of the organism which 
become established in correspondence with these various impressions, 
slowly increase in number, definiteness, and complexity. Such re- 
sponsive movements, however, are found, as a general rule, to have 
the effect of prolonging the action of any influences which previous 
individual or race experiences have proved to be favorable to the life 
and well-being of the organism; and, on the other hand, of cutting 
short or avoiding influences which past individual or race experiences 
have proved to be contrary to its general well-being. The capture 
and swallowing of food arc ends to which , very large proportion 
indeed of the definite motions of most of the lower organisms are 
directed; and this direction of their energies is only a special case to 
be included under the rule above indicated; just as efforts to escape 
from predatory neighbors are other, though opposite, instances of the 
same rule. 
In addition to the various modes of impressibility by external in- 
fluence which we have hitherto been considering, there are certain 
internal modes of impressibility due to changes in tl,e condition of 
internal parts of the organism. These are commonly spoken of as 
divisible into two categories . 1. The impressions derivable from, or 
in some way attendant upon, the contractions of muscles; and, 2. Im- 
pressions emanating from one or other of the various sets of internal 
organs, such as the alimentary canal and its appendages, the respira- 
tory organs, the genital organs, or other internal parts. 
With the first set of impressions we have at present nothing to do. 
They differ altogether from others, whether of external or internal 
origin, by the fact that they follow or accompany movements whose 
iutensity they are supposed to measure, and do not themselves lead 
to movements. Granting that such impressions may have a real 
existence, it is obvious we can know nothing about them among 
invertebrate animals, if they have only a subjective existence, and do 
not cause an efflux of molecular movements along outgoing nerve- 
fibres. 
The second category of internal impressions--those emanating 
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nor is there even a more intelligent rendering of an old meaning. In 
our own opinion the distinction between the comprehension and the 
extension of propositions is important; but it is paraded with too 
much ostentation, and treated with too much prolixity. Hamilton's 
great virtue is his clearness of statement and exhaustiveness of treat- 
ment. His method is admirable. Sometimes, however, there is too 
much display of his own erudition. 
But even in the domain of formal logic Hamilton is not the only 
one that has within the present century made important additions. 
Prominent among these is De Morgan. Especially valuable are his 
discussions upon the different values of the logical copula. Prof. 
Boole has also made important addi.tions to the syllogism, and has 
most ably supported the theory of the--common ground occupied by 
logic and the mathematics. Prof. Bain also, in pure logic, has made 
a most important generalization, tIamilton's three laws of thought, 
namely, identity, non:contradiction, and excluded middle, he has re- 
duced to the single law or canon of consistency. 
So much for the assertion that Hamilton was the only man in 
twepty-two centuries to. make any important additions, to the imperial 
science of logic. Like enough the doctor would exclude scientific 
method from the imperial science. Perhaps he-regards formal logic 
alone fit to wear the purple. But even here we see that there can be 
no such claim set up. If, however, he could claim this distinction, it 
would afford no reason for receiving his definition of science without 
question. That should stand or fall wholly upon its own merits. 
The greatest of men are not without personal biases. It is well known 
that Hamilton had a metaphysical bias. In his work on metaphysics 
the first three lectures are occupied in attempting to prove the supe- 
riority of mental science over natural science. He quotes with much 
approval this ancient declaration, " On earth there is nothing great 
but man, in man there is nothing great but mind." This being his 
known bias, before examining the definition, an investigator of Na- 
ture, a believer in scientific method, might have thought that it 
was by no means certain that he " could afford" to take it simply 
on his authority. However, when we come to the definition itself, 
the matter of it is well enough. But we have the temerity to suggest 
that its form might be improved without changing the substance. It 
is too pedantic and prolix. It is not in a shape easily to be remem- 
bered. We would render it thus : Science is real knowledge logically 
classified. But, as Bain remarks, positive definition is not thorough 
enough. As he says in his second canon on definition, it is needful 
to assemble for comparison the particulars of the contrasting or op- 
posed notion. We can never know distinctly what a notion is tmtil 
we contrast it with its opposite. Knowing is discriminating. What 
is not science ? Vhat is-the other notion that lies side by side with 
itin contrast, but contained under the same genus ? Now, if we 
1"05. ix.--15 
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define science simply as knowledge or " complement of cognitions," 
it is contrasted with feeling or emotion. Its correlatives are produc- 
tions designed to please, such as poetry, painting, or the fine arts 
general.ly. 
If religion be regarded as proceeding wholly from the emotional 
nature s it may be contrasted with science and classed among esthetic 
conceptions. But narrowing the definition further by qualiiing 
knowledge by the terms ' logically classifieds" we then have science 
as contrasted with or opposed to particular knowledge, or knowledge 
imperfectly classified. Qualifying further by placing the word real 
before knowledge, we have it contrasted with error or not genuine 
knowledge. By reading Hamilton s it will be seen that error is his 
antithesis to his real truth in the definition. But hypotheses are not 
error s since they are not held as truth. The distinguishing character 
of error is that s while false in facts is is supposed to be true completely. 
Hypotheses are neither genuine truth nor errors s so long as they are 
held merely as ,uch. They lie upon the border-lands of truth and 
error s and Hamilton's definition cannot banish them completely from 
the domain of science. They are properly allowed to hover around 
its borders. But we totally disagree with Dr. Deems as to the value 
of these "guessesS' at truth. Says he, "A professor of religion has 
just as much right to guess as a professor of sciences and the latter 
no more right than the former s though he may have more skill." 
Nows as to the l'ight s there can be no dispute s but s as to the value of 
the guesses s this better skill makes all the difference in the world. 
Prof. Huxley is right in his estimate of guesses. Says he, "Do not 
allow yourself to be misled by the common notion that an hypothesis 
is untrustworthy because it is an hypothesis. What more have we to 
guide us in nine-tenths of the mout important affairs of daily life than 
hypotheses, and often very ill-based ones ? So then in science, where 
the evidence of an hypothesis is subjected to the most rigid examina- 
tion s we may rightly pursue the same course. You may have hypoth- 
eses and hypotheses. A man may say, if he like, that the moon is 
made of green cheese ; that is an hypothesis. But another man, who 
has devoted a great deal of time and attention to the subject, and 
availed himself of the most powerful telescopes, and the results of the 
observations of others s declares that it is probably composed of mate- 
rials very similar to those of which the earth is made up; and this 
also is an hypothesis." You perceive that it makes a good deal of 
difference both as to who guesses and as to what is guessed. ]ndced, 
so many scientific hypotheses have been verified in the face of the 
opposing theological hypotheses that there begins to be a strong 
presumption in their favor before verification. or is it strange that 
we should be led to regard them as highly probable. The investigao 
tot of Nature s familiar with her processes and her laws, founds these 
guesses upon broad and deep analogies. 



SCIEIVCE AVD THE LOGICIANS. 227 
But we have only to ibllow the reverend doctor a few pages, until 
we find that hypotheses, so far from being extra-scientific, wholly 
make up our science. He mouuts Hamilton's definition for the pur- 
pose of trampling upon scientific hypotheses. But, in his zeal for uar- 
rowing the sphere of science, he arrives at the renlarkable conclusion 
that "all science is purely a classification of probabilities." IIe has 
at length kicked the definition completely from under him, and 
remounted a platform entirely composed of hypotheses, tie, how- 
ever, is careful not to say, ' It is certain that there are no certainties." 
Still lie leaves us wholly iu the dark as to where may be fouud 
those "very few certainties " which it appears to him God has seen 
fit to show us,  more for the purpose of furnishing the idea than for 
any practical purpose." The God of the modern diviue has still 
about him a touch of the jealousy of the Zeus of tEschylus. IIe 
would have chained to the rocks the modern seeker after hidden 
knowledge, the invader of his own domain of certainties. 
We say that we are left completely in the dark as to where arc 
to be found those few certainties which God has seen fit to show us 
as specimens. We are assured that they arc not to be found ill sci- 
ence. This is only classified probabilities. The "imperial science of 
logic" has been demolished with the rest. We wonder whether it is 
because science embraces only real truth that it is uncertain or prob- 
able, or is it owing to its methodical logical arrangement that it has , 
acqired this character ? IIe should remember that most people have 
faculties called memories, that last them through several pages of 
reading, and that there is a chance for mediate or remote contradic- 
tions to be detected. 
Again, in his zeal to prove that all science and religion stand upon 
the common basis of faith, he overleaps himself, and gives us as the 
results of his logic, "Ex nihilo geometria jilt." So I suppose we may 
be allowed to say likewise, "ffx nihilo religiojfit." Is that what lie 
started out to prove ? :No, it was only this very sensible proposition, 
that "we can acquire no knowledge by our logical understanding with- 
out faith in the laws of mental operations." This simply amounts to 
saying that we cannot consistently believe in the products of think- 
ing except we believe in faculties of thinking. We suppose that no 
one doubts that. But believing that by no means involves the as- 
sumption that science or knowledge rests upon the same basis as 
religious faith. It is a very different thing to believe in our own 
experiences, feelings, sensations, observations, comparisons, memories, 
representations, etc., and to believe in certaiu fundamcntul religious 
dogmas, as for example, " God is an infinite person." God is three 
infinite persons. The. second of these three infinite persons, which all 
make one infinite person, is now sitting in heaven upon a throne on 
the right hand of the first infinite person, neither of which has any 
parts, but all three make one indivisible unity. Most men will con- 
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parts, and to establish their exact relations. He compares, adds, sub- 
tracts, multiplies, divides. In order to communicate his k,owledge 
of the relation of parts, he must use words ; these words he must de- 
fine, if their meaning is not obvious to the one instructed. But if the 
property is of a primary nature, and given in the experience of every 
one, there is no need of definition, and indeed no rational definition 
can be given. This is true alike of the notions, extension, surface, 
liae, and point. Each of these is as much a datum of simple experi- 
ence as the notion of white or blue ; and it is just as absurd to at- 
tempt to define the one class of concepts as the other. They may be, 
however, brought out a little more closely by contrasting the correla- 
tives in the manner that we have attempted with extension and indefi- 
nite space. Thus surface may be contrasted with the solid volume, 
or definite space, of which it forms the boundary; line with surface, 
of which it in turn is the boundary; and, lastly, point with line, of 
which it is the termination or the where of separation. It is not true 
that the existence of forms depends upon the motions of points. 
Forms are given in experience through sensation. A point is the 
ultimate step in the analysis of boundaries. It is sheer nonsense to 
attempt to construct lines out of points, surfaces out of lines, and 
volumes out of surfaces. All that it is necessary to say further upon 
this subject is, that the differentiae of the higher mathematics are not 
nothings, but quantities the least conceivable. The least conceivable 
portion of a line is not a point; the least conceivable portion of a 
surface is not a line ; the least conceivable portion of a volume is not 
a surface, for the simple reason that no portion of a thing can be its 
boundary. 
Now, in conclusion, we say that geometry rests upon no affirma- 
tions in respect to the infinite, but, on the contrary, it is wholly occu- 
pied about the relations of the finite in space. We have the assurance 
from the doctor that the finite is the sphere of every science, while the 
sphere of religion is the infinite. This certainly would cast theology 
out of the sphere of science, for the doctor has laid down as one of 
its fundamental concepts, "God is an infinite person." Sir William 
Hamilton's definition, in its very first clause, also excludes theology 
from science, if we take himself as authority for the meaning of the 
term cognition. Every cognition is simply a perception of rehetion. 
The infinite and absolute--equal God--are not thinkable, lIencc the- 
ology can have no "complement of cognition "out of which to classify 
a science. 
In another place we find that the cry of cqnflict has its origin in 
confounding theology with religion. "Theology is not religion any 
more than psychology is human life, or zoSlogy animal life, or botany 
plant-life. Theology is objective, religion is subjective. Theology is 
the scientific classification of what is known of God; religion is a 
loving obedience to God's commandments. Every religious man 
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must have a theology, but it does not follow that every theologian 
must have a religion. There may be a conflict between theology and 
some other sciences, and religious men may deplore it," etc. :Now, in 
our opinion, if every religious man must have a theology, and if his the- 
ology be in conflict with science, he must either be in conflict in opin- 
ion with that science or abandon his theology. But the truth is, that 
the real, actual conflict arises from the religious element. The con- 
flict of opinion is in the theology of a man ; the conflict, as it appears 
upon the stage of the world's history in acts and deeds, has sprung 
from the religious nature, even as defined byDr. Deems. A man may 
hold what theological views you please and make no disturbance in 
the world, provided he does not think much about his duty in obeying 
the commands, word, or will of God, all of which are a part of his 
theology. For instance, one of the commands of God, as contained 
in his word, and to which he should render a "loving obedience," is 
"Suffer not a witch to live." ow, a man may believe in that com- 
mand simply as a dogma, but, being indifferent in the matter of ren- 
dering a loving obedience, he will not let it influence his conduct, and 
so will make no effort to hunt up and have witches burnt. If, on the 
contrary, he has a loving obedience to God's word, he will trample 
upon every kindly feeling and instinct of his nature rather than not 
have the command carried out. 
Accordingly, we find that it has been the pious, the sincere, the 
believers in duty, those wishing to render a loving obedience to God's 
word, or what they thought was his word, who have in every age 
been the persecutors. But you say that they were acting under a 
delusion. They mistook what was the word of God. But how are 
they to know what is his word, if direct commands like the foregoing 
are not his ? Besides, if there was a mistake, it was in their theology, 
and not in their religion; that only impelling them to lovingly obey 
God's commands as they knew them. Religion is but an impulse, a 
blind instinct. It knows nothing about weighing and comparing opin- 
ions. Theology furnishes it with these. If these are bad, its conduct 
will be bad; if good, the conduct will be good. All it knows is 
blind obedience--zeal to do the will of God as it knows it; and the 
pretended science, which alone can give it guidance, is a science of 
the Unknowable, the Infinite, the Absolute. 
We will close with a quotation from Lecky's "History of Ration- 
alism," in reference to Luther- "IIe was subject to many strange hal- 
lucinations and vibrations of judgment, which he invariably attributed 
to the direct agency of Satan. Satan became, in consequence, the 
dominating conception of his life. In every critical event, in every 
mental perturbation, he recognized satanic power. Fools, deformed 
persons, the blind and the dumb, were possessed by devils. Physi- 
cians, indeed, attempted to explain these infirmities by natural causes ; 
but those physicians were ignorant men--they did not know all the 
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power of Satan. Every form of disease might be produced by Satan 
or his agents, the witches ; and none of the infirmities to which Luther 
was liable were natural; but his earache was peculiarly diabolical. 
Hail, thunder, and plagues, are all the direct consequence of the inter- 
vention of spirits. ]Vlany of those persons who were supposed to have 
committed suicide had in reality been seized by the devil and stran- 
gled by him, as the traveler is strangled by the robber. The devil 
could transport men through the air. He could beget children; and 
Luther hinself had come in contact with one of them. An intense 
love of children was one of the most amiable characteristics of the 
.great Reformer; but on this occasion he most earnestly recommended 
the reputed relatives to throw the child into the river, in order to free 
their house from the presence of the devil. As a natural consequence 
of these modes of thought, witchcraft did not present the slightest 
improbability to his mind. In strict accordance with the spirit of his 
age, he continually asserted the existence and frequency of the crime, 
and emphatically proclaimed the duty of burning witches." 
We see what a loving obedience to the word of God led Luther to 
recommend. That this spirit has died out, is wholly due to the 
advancement of science and rationalism, and not to any change in 
the religious spirit per se, or to any different interpretation of the 
Bible. The witchcraft is there, as it was in the days of Luther, and 
the injunction not to suffer witches to live is there, and neither has 
been explained any better than it was in the middle ages. But 
the researches of the investigators of Nature have gradually driven 
these notions out of he minds of men, and stamped them with the 
opprobrium of absurdities. 
GREELEY, COLORADO, February 14, 1876. 

SKETCH OF BENJAMIN THOMPSON (COUNT RUMFORD). 

-N his late work, "Recent Advances in Physical Science," Prof. 
Tait, of the University of Edinburgh, has attempted a history of 
dynamical science, or rather of the doctrine of the conservation of 
energy. Though this great doctrine is recent in its completer develop- 
ment, Prof. Tait holds that it is implied in Newton's laws of motion, 
and that/ewton only failed to grasp it in its modern form for lack of 
certain experiments. Where Newton broke down, there the subject 
remained for more than a hundred years, no physicist appearing who 
could take up the research at that point and carry it on. Prof. Tait 
says that "what /ewton really wanted was to know what becomes 
of work when it is spent in friction." The experiments thus needed 
to open the way to a new era in the doctrine of forces were supplied 
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by a self-educated American, the subject of this sketch. The news- 
papers say that he is dropping out of memory in this age, and was in 
his day a distinguished smoke-doctor and improver of fireplaces; but 
in the scientific world his fame has been increasing in recent years, 
and is destined to grow brighter with the further progress of physical 
knowledge. As attention has latterly been drawn to what America 
has done for science, it is desirable to give an account of the career 
and labors of this eminent American investigator. 
]ENJAMI THOMPSON was born March 26, 1753 in Woburn, lIas- 
sachusetts. He first saw the light in the west end of a substantial 
farmhouse, which is still standing a few rods south of the meeting- 
house in North Woburn. The dwelling is said to be well pr.eserved, 
retaining its external and internal appearance unchanged, notwith- 
standing its great age, and it has been recently purchased by the 
citizens of Woburn to be preserved as an object of public and histori- 
cal interest. His father died in his infancy, and when the child was 
three years old his widowed mother was married to Josiah Pierce, Jr., 
of Voburn. His latest biographer Mr. George E. Ellis, says that 
the lad "indicated from his early years an inconstancy and indiffer- 
ence to the homely routine tasks and the rural employments which 
were requiredof him, while at the same time he exhibited an intense 
mental activity, a spirit of ingenuity and inventiveness and was 
found seeking for amusement in things which afterward proved to 
lead him to the profitable and beneficent occupations of his mature 
life. He showed a particular ardor for aritl]metic and mathematics, 
and it was remembered of him afterward that his play-time and some 
of his proper work-time had been given to ingenious mechanical con- 
trivances, soon leading to a curious interest in the principles of me- 
chanics and natural philosophy." 
tie received the rudiments of a common-school education and his 
guardians finding that he was unfit for a farm-drudge apprenticed 
him at thirteen to a merchant in Salem. While thus engaged, with 
such spare time and private assistance as he could get, he studied 
algebra, trigonometry, astronomy and even the higher mathematics 
so that before the age of fifteen he was able to calculate an eclipse. 
At sixteen he was sent to Boston to continue the dry-goods business, 
and there attended an evening French school. In 1771 he began the 
study of medicine with Dr. John Hay of Woburn and at the same 
time attended a few lectures at Cambridge. He taught school for a 
short time at Bradford on the Merrimack, and afterward taught in an 
academy in Concord, iew tlampshire, higher up the same river a 
town which had been formerly.known as Rumford. 
"When Benjamin Thompson went to Concord as a teacher he was 
in the glory of his youth not having yet reached manhood. IIis friend 
Baldwin describes him as of a fine manly make and figure, nearly six 
feet in height of handsome features bright blue eyes, and dark au- 
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his inquisitive lnind could appropriate. But there was one set of men 
whom he never could conciliate, who mistrusted his purposes, and 
cast upon him lowering looks as they met him about the ca,np. 
These were the general and field officers from ew Hampshire, who 
looked upon him as a dandy and an upstart at least, if not also at 
heart a traitor. They would not associate with him still less confide 
in him." It is further stated on authority, that there is no reason 
for doubting that "after the battle at Charlestown, Thompson 
was favorably introduced by some officers of Cambridge to General 
Washington, who had just assumed the command; and that, had it 
not been for the opposition of some of the ew Hampshire officers, he 
would have had the place in the American artillery corps which was 
given to Colonel Gridley." The genius of Thompson was thus lost 
to the Americau cause through the rivalries and hatreds of army 
officers, a source of evil which profoundly troubled the life of Wash- 
ington during the Revolution, as it did also that of Lincoln during the 
civil war. 
othing was therefore left to Thompson but to remain in obscurity 
at home under a cloud of suspicion that would have darkened his life, 
or to seek a field of action elsewhere. He was a man of high spirit 
and great force of character, and of course would not submit like a 
poltrooi to the degrading alternative. He accordingly took service 
under the government of his early allegiauce. IIe went to England, 
and soon after his arrival, at the age of twenty-three, was given an 
appointment in the colonial office, under Lord George Germaine. He 
directed immediate attention to military matters; improved the ac- 
coutrements of the IIorse-Guards ; continued and extended his experi- 
ments on gunpowder, and improved the construction of firearms. He 
experimented with great guns, made a study of the principles of naval 
artillery, and devised a code of marine signals. IIe also made investi- 
gations into the cohesion of bodies, which he communicated to Sir 
Joseph Banks, President of the Royal Society, and was elected Fellow 
of that body in 1779 at the age of twenty-six. He very soon became 
one of the most active and honored members of the Royal Society, 
always attending its meetings when he was in London. He after- 
ward received a colonelcy from the British Government, and came 
back to this country in command of a regiment on Long Island, build- 
ing a fort at Huntington. IIe returned to England in 1783, and the 
same year made a tour on the Continent. At Strasburg he acciden- 
tally met with Prince Maximilian of Deux Ponts, then field-marshal in 
the service of France, who became so interested in Colonel Thompson 
that he gave him an introduction to his uncle the Elector of Bavaria 
at Iunich. The Elector was a man of liberal views, and discerning in 
Thompson the talent that he thought might be made available in pro- 
motiug the interests of his government and people, he made overtures 
to him to enter his service in a joint military and civil capacity. The 
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proposition was favorably received, but, as Colonel Thompson was a 
half-pay officer of the English crown, he needed to have the. permission 
of the king before making a Continental engagement. He therefore 
returned to England in 1784, and received not only the king's per- 
mission, but also the honor of knighthood and the continuance of his 
half-pay, and he returned to Munich the same year as Sir Benjamin 
Thompson. A splendid field was now before him, and he entered 
upon a series of the most remarkable labors, to which he devoted him- 
self with great assiduity. "These labors ranged fi'om subjects of the 
homeliest nature in their bearings upon the thrift, economy, and com- 
fort of life for the poorestclasses, through enterprises of wide-extended 
and radical ret'orm and comprehensive benevolence, up to the severest 
tests and experiments.in the interests of practical science." .... "The 
elector was from first to last his constant friend, never thwarting him, 
never holding back his aid; but, on the contrary, ready always to 
advance every plan of his, and to espouse his views when questioned 
or opposed by other counselors." 
It. is impossible, in this brief sketch, even to enumerate the ex- 
tensive and important measures of public beneficence and social 
amelioration which Sir Benjamin projected and successfully carried 
out. He reorganized the entire military establishment of Bavaria, 
introduced not only a simpler code of tactics and a new system 
of order, discipline, and economy, among the troops and industrial 
schools for the soldiers' children, but greatly improved the construc- 
tion and modes of manufacture of arms and ordnance. He devoted 
himself to various ameliorations, such as improving the construction 
and arrangement of the dwellings of the working-classes, providing 
for them a better education, organizing houses of industry, introducing 
superior breeds of horses and cattle, and promoting landscape-garden- 
ing, which he did by converting an old abandoned hunting-ground, 
near Munich, into a park, where, after his departure, the inhabitants 
erected a monument to his honor. He moreover suppressed the sys- 
tem of beggary, which had grown into a recognized profession in Bava- 
ria and become an enormous public evil--one of the most remarkable 
social reforms on record. Mendicity in Bavaria was at that time 
"a stupendous and organized system of abuses, which, gradually 
growing upon the tolerance of the government and people, had 
reached such proportions and had established itself wih such a vigor- 
ous power of nischief as to be acquiesced in as irremediable. Beggars 
and vagabonds, the larger part of whom were also thieves, swarmed 
all over the country, especially in the cities. These were not only 
natives, but foreigners. They were of both sexes and all ages; they 
strolled in all directions, lining the highways, levying contributions 
with clanorous demands, entering houses, stores, and workshops, to 
rob, interrupting the devotions of- the churches with their exactions, 
and extorting everywhere, through fear, what they failed to get by 
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importunity. These swarms of mendicants and freebooters were in 
the main composed of strong, healthy, and able-bodied persons, who 
preferred an easy life of indolence to any kind of industry. They had 
become the terror and sco.urge of the country. They would steal, 
maim, and expose little children, and compel them to extort, by their 
piteous appeals, a fixed sum for a day's gatherings, with the threat of 
an inhuman punishment if they failed. Every attempt to suppress 
this system of outrages having been thwarted, the community had 
learned to submit and conibrm to it as admitting.of no relief; and 
this wretched tolerance seemed to double the number of these vaga- 
bonds, while it raised beggary into a profession." So systematic and 
rooted had this state of things become that "the beggars formed a 
caste in the cities, with professional rules, assigning to them beats 
and districts, which were disposed of by regulations, in case of the 
death, promotion, or removal, ot" the proprietors. 
Sir Benjamin resolved upon the extirpation of this system, and the 
conversion of this lazy and dissolute class into thrifty, self-sustaining 
laborers. His policy was cautious, deliberate, and wise. He knew 
exactly what he wished to do, made ample provision for it, and secured 
the coSperation of the influential classes in the execution of his plan. 
We cannot describe it here, but its st:ccess was complete. The beg- 
gars were swept from the streets, caed for, soon set to work, and 
raised to a condition of self-respecting industry. So effectual was the 
work that Sir Benjamin won the heart-felt gratitude of the very class 
upon which he had operated. This is beautifully illustrated by the 
fact that, ' on one occasion, when he was dangerously ill, the poor of 
Munich went publicly in a body to the cathedral and put up public 
prayers for his recovery. And again, when, four years afterward, 
they learned that he was in a similar condition at Naples, they of 
their own accord set apart an hour each evenig, after they had 
finished their work in the military workhouse, to pray for him." 
For the valuable services rendered in Bavaria Sir Benjamin received 
many distinctions, and,among others, was made Count of the IIoly 
Roman Empire. On receiving this dignity he chose a title in remem- 
brance of the country of his nativity, and was henceforth known as 
Count of Rumford. His health failing from excessive labor, and 
what he considered the unfavorable climate, he came back to England 
in 1798, and had serious thoughts of returning to the United States, 
having received from the American Government the compliment of a 
formal invitation to revisit his native land. While in England, Count 
Rumford organized the Royal Institution of Great Britain in 1800, 
which was designed for the promotion of original discovery and the 
diffusion of a taste for science among the educated classes. Its suc- 
cess has more than vindicated the sagacity of its founder, lie after- 
ward returned to the Continent, arrd, while frequently visiting Munich, 
took up his residence in Paris. In 1805 he married the widow of the 
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ings, in which she would be interested 
by her curiosity, and would take up 
from the temptation of her special op- 
portunities. Yet M. Taine found that 
it had not been done. He wished to 
test Max Mallet's views in regard to 
the genesis of language, and wanted a 
series of'observations of infantine men- 
tal growth for the purpose. But they 
had not been made, the facts were 
wanting, and nothing remained but to 
make the study himself. We say this 
kind of work belongs to woman, and 
she is perfectly competent to peform it. 
Why, then, has it not been undertaken, 
and why has there not grown up a body 
of carefully-observed and widely-veri- 
fied facts regarding psychological de- 
velopment in infancy such as would be 
valuable for arriving at inductive truths 
for guidance in the rational education 
of childhood? Undoubtedly, psychol- 
ogy is a backward scienc% imperfect 
from the obscurity and complexity of 
its questions, and its long cultivation by 
unscientific methods. But the value 
of observations upon the mental un- 
folding of infancy is not, by any means, 
dependent upon the possibility of im- 
mediately explaining them. Such ob- 
servations, if accurately made and in- 
telligently recorded, will have a value 
of their own independent of the state 
of psychological science, while they 
would become a permanent and potent 
neans of its ad ancement. n most 
other fields of natural phenomena the 
facts are far in advance of the theories 
by which they are organized into sci- 
ence; in the field of mental growth 
however, olservations are scanty and 
speculation superabundant. 
We are, of course, not to expect 
that things will come before they are 
waned, and, if such observations are 
not called for, why should they be sup- 
plied ? But the facts have been long 
and loudly called for, if not by psy- 
chologists, then by practical educators, 
while woman has had exchsive charge 
of the education that begins in infancy. 

She is an educator as a mother, and 
the culture of childhood has almost 
universally fallen into her hands as a 
teacher. We might surely have ex- 
pected that, with their great excess of 
opportunity, some few women of abil- 
ity would have gone carefully and criti- 
cally and often over the ground which 
M. Taie has passed over once with 
such interesting results. But the wo:k 
that might have been expected, so far 
as we are aware, has not been done, 
nor is there any promise of it. The 
difficulty is, that there has been noth 
ing in woman's education either to in- 
terest her in the subject or to qualify 
her for dealing with it. Observations, 
to be valuable for scientific purposes, 
involve an accuracy of perception and 
an intellectual discrimination which are 
not to be had except by patient and 
methodical .training of the observing 
powers. This is the one thing that has 
not been included in female education. 
Neither languages, nor mathematics, 
nor history, nor lnental philosophy, nor 
music, nor general literature, afiblds any 
exercise whatever of the observing fac- 
ulties. Jk student may become pro- 
ficient in all these branches, while the 
intellectual interest in the phenomena 
of daily experience, and the objects of 
common life, remains as dormant as it 
is in the savages. Nay, more, absorp- 
tion in these modes of mental activ- 
ity, which involve chiefly the memory 
and reflective powers, is fatally un- 
favorable to observation, as it brings 
the mind under the control of mental 
habits that exclude it. lX'o woman can 
make valuable observations on mental 
progress in infancy that has not had a 
culture fitted for it, first, by a long prac- 
tice, such as she gives to music, in in- 
dependent observation in some branch 
of objective science, as botany, for ex- 
ample; and, secondly, by a thorough 
knowledge of the constitution of the 
child, especially the functions of its 
nervous mechanism. With their heads 
filled with history, asthetics, algebra, 
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between the circulation in animals and 
plants, but that in animals devoid of pulsa- 
tile vessels and hearts it is in some senses 
identical, and traceable to the operation of 
" the'same forces." 
The subject of the circulation in animals 
occupies the bulk of the book, that of the 
invertebrates, as being in some sense in- 
termediate between plants and the higher 
animals, being treated first. In a number 
of the lowest of these no trace of a circu- 
lation has yet been detected, the nutritions 
fluids in such cases being supposed to pass 
fi'om the alimentary canal by interstitial 
transudation throughout the entire body, as 
the sap passes into the substance of cellular 
plants. A step in advance is observed 
where, as in the polypi, meduse, etc., the 
alimentary canal is of large size and rami- 
fies in every part of the body, serving at 
the same time as a circulatory and aliment- 
ary apparatus. The next advance is the 
appearance of distinct vessels, minus con- 
tractile power, as in plants. Vessels pos- 
sessing contractile power, but without any 
distinct contractile organ, are next found; 
and afterward the heart appears, increasing 
in complexity of structure along with the 
related organs, until its highest develop- 
ment is reached in the mammalia. 
On the subject of tl,e forces which give 
rise to the circhlation in the higher animals, 
the autlior, while admitting that a large 
share of the work is done by the heart, 
argues at length in favor of the view that 
this organ alone is not equal to the task; 
and that other agencies, such as osmosis, 
capillary attraction, absorption, chemical 
affinity, etc., aid materially in the process. 
To the physiological student the book 
is exceedingly interesting, not only for the 
novel views which it contains, but for the 
admirable way in which the author has 
presented the leading facts of his subject, 
as drawn from the whole range of living 
Nature. The print is good, and the illus- 
trations, of which there are one hundred 
and fifty, are also well done. 

LECTURES ON SO.ME RECENT ADVANCES IN 
PHYSICAL SCIENCE. By P. G. TAIT, M. A. 
Pp. 837. Macmillan & Co. Price, $2.50. 
THe. disputes that have arisen in various 
quarters regarding the honor due to differ- 
ent investigators for working-out the mod- 

ern doctrines of "Energy" have been par- 
ticipated in by Prof. Tait, of Edinburgh, 
and this volume is probably due to his in- 
terest in the controversy. He was invited 
by a number of his friends to give a course 
of lectures on the chief advances made in 
natural philosophy since their student-days, 
and the author remarks that "the only 
special requests made to me were, that I 
should treat fully the modern history of 
energy, and that I should publish the lect- 
ures verbatim." The strictly historic part, 
however, is by no means the main, or the 
most important, feature of the work. It 
furnishes its method, but t'he book is valu- 
able chiefly as explaining and expounding 
the modern doctrines of energy in a manner 
at once popular and thorough. No adequate 
exposition of these views has yet gained en- 
trance i;to our text-books of physics; and 
a work was much neexled, by a competent 
man, which would present the whole ques- 
tion in its latest aspects. The volume of 
Prof. Tait, though not without its defects, 
may be commended as meeting this want 
in a tolerably satisfactory manner. 

THROUGH AND THROUGH THE TROPICS. By 
]?RANK VINCENT, Jr. New York : Har- 
per & Brothers. Pp. 804. 
THIRTY thousand miles of travel affords 
large opportunity for observations," and to 
give an account of them in a book of three 
hundred pages seems a hopeless task. Mr. 
Vincent, however, has made the attempt in 
this racy book, and has succeeded fairly in 
presenting a series of descriptions of some 
of the more important plgces visited by 
him, and the reader follows him with inter- 
est to the close. Ills chapters on the Sand- 
wich Islands, and on the journey to High 
Asia, to the sacred city of the Hindoos, and 
to the famous Taj Mahal, are especially full 
of interest. 

THE EARLY LTEr.TWE OF CHEMISTR-Y. 
By H. C. BOLT01. 
THIS sixth part of Dr. Bolton's "Notes 
on the Early Literature of Chemistry" 
treats of.the ancient papyrus-book on medi- 
cine discovered by Ebers at Thebes, Egypt, 
two or three years ago. Dr. Bolton gives the 
table of contents of the book with some 
selected passages translated out of the hie- 
ratic original. 
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suspended on it. I hold the bar, and turn it half round; it swings 
backward and forward for a few times, but it quickly comes back to 
its original position. IIowever-much twist, however much torsion, 
may be put on this, it always returns ultimately to the same position. 
I have twisted glass fibres round and kept them in a permanent state 
of twist more than a hundred complete revolutions, and they always 
came back accurately to zero. The principle of an instrument that I 
shall describe farther on depends entirely on this property of glass. 
Instead of using silk to suspend the torsion-beam with, I employ a 
fibre of glass, drawn out very fine before the blow-pipe. A thread of 
glass of less than the thousandth of an inch in thickness is wonder- 
fully strong, of great stiffness, and of perfect elasticity, so that, how- 
ever much it is twisted round short of the breaking-point, it untwists 
itself perfectly when liberated. The advantage of using glass fibres 
for suspending my beam is, therefore, that it always returns accu- 
rately to zero after having tried an experiment, while I can get any 
desired amount of sensitiveness by drawing out the glass fibre suffi- 
ciently fine. 
Here, then, is the torsion apparatus sealed on to a Sprengel pump. 
You will easily understand the construction by reference to the dia- 
gram (Fig. 4). It consists of an horizontal beam suspended by a glass 
fibre, and having disks of pith at each end coated with lampblack. 
The whole is inclosed in a glas.s case, made of tubes blown together, 
and by means of the pump the air is entirely removed. In the centre 
of the horizontal beam is a silvered mirror, and a ray from the electric 
light is reflected from it on to a scale in fl'ont, where it is visible as a 
small circular spot of light. It is evident that an angular movement 
of the torsion-beam will cause the spot of light to move to the right 
or to the left along the scale. I will first show you the wonderful 
sensitiveness of the apparatus. I simply place my finger near the 
pith-disk at one end, and the warmth is quite sufficient to drive the 
spot of light several inches along the scale. It has now returned to 
zero, and I place a candle near it. The spot of light flies off the scale. 
I now bring the candle near it alternately from one side to the other, 
and you see how perfectly it obeys the force of the candle. I think 
the movement is alnost better seen without the screen than with it. 
The fog, which has been so great a detriment to every one else is 
rather in my favor, for it shows the luminous index like a solid bar of 
light swaying to and fro across the room. The warmth of my finger, 
or the radiation from a candle, is therefore seen to drive the pith- 
disk away. Here is a lump of ice, and on bringing it near one of the 
disks the luminous index promptly shows a movement of apparent 
attraction. 
Vith this apparatus I have tried many experiments, and among 
others I endeavored to answer the question, "Is it light, or is it heat, 
that produces the movement ?"--for that is a question that is asked 
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each side, the other end being left plain. I have two candles, ' .E 
each twelve inches off the pith-bar, one on each side of it. When I 
remove the screens 1[ 1 the candle on one side will give the pith a 

push in one direction, and the candle on the other side will give the 
pith a push in the opposite direction, and as they are the same dis- 
tance off they will neutralize each other, and the spot of light will not 
move. I 1row take the two screens away : each candle is pushing the 
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be again repeated, the differential action of the light on the black and 
white surfaces keeps the bar moving, and the result will be rotation. 
Here is such a pith-bar, blacked on alternate sides, and sus- 
pended in an exhausted glass bulb (Fig. 7). I project its image on 
the screen, and the strong light which "shines on it sets 
it rotating with considerable velocity. Now it is slacken- 
ing speed, and now it has stopped altogether. The bar 
is supported on a fibre of silk, which has twisted round 
till the rotation is stopped by the accumulated torsion. I 
put a water-screen between the bar and the electric light 
to cut off some of the active rays, and the silk untwists, 
turning the bar in the opposite direction. I now remove 
the water, and the bar revolves rapidly as at first. 
From suspending the pith 
on a silk fibre to balancing it 
on a point the transition is 
slight ; the interfering action 
of torsion is thereby removed, 
and the instrument rotates 
continuously under the influ- 
ence of radiation. lany of 
these little pieces of appara- 
tus, to which I have given 
the name of radiometers, are 
on the table, revolving with 
more or less speed. The dia- 
 gram (Fig. 8) shows their 
construction, which is very 
simple. They are formed of 
four arms of very fine glass, 
V supported in the centre by a 
needle-point, and having at 
F. 7. Fo. s. the extremities thin disks of 
pith lampblacked on one side, 
the black surfaces all facing the same way. The needle stands in a 
glass cup, and the ans and dicks are delicately balanced so as to re- 
volve with the slightest impetus, o 
Here are some rotating by the light of a candle. This one is now 
rather an historical instrument, being the first one in which I saw ro- 
tation. It goes very slowly in comparison with the others, but it is 
not bad for the first instrument of the sort that was ever made. 
I will now, by means of a vertical lantern, throw on the screen the 
projection of one of these instruments, so as .to show the movement 
rather better than you could see it on the table. The electric light 
falling vertically downward on it, and much of the power being cut 
off by water and alum screens, the rotation is slow. I bring a candle 
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tain number of times, until I have put sufficient torsion on the fibre .D 
to lift up the beam. Now, according to the law of torsion, the force 
with which a perfectly elastic body like glass tends to untwist itself 
is directly proportional to the number of degrees through which it 
has been twisted ; therefore, knowing how many degrees of torsion I 
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tating masses were to undergo a change. If the sun is gradually 
cooling, possibly its attractive force is increasing, but the rate will be 
so slow that it will probably not be detected by our present means 
of research. 
While showing this experiment I wish to have it distinctly under- 
stood that I do not attach the least importance to the actual numeri- 
cal results. I simply wish to show you the marvelous sensitiveness 
of the apparatus with which I am accustomed to work. I may, indeed, 
say that I know these rough estimates to be incorrect. It must be" 
remembered that our earth is not a lampblacked body inclosed in a 
glass case, nor is its shape such as to give the maximum of surface 
with the minimum of weight. The solar forces which perpetually pour 
on it are not simply absorbed and degraded into radiant heat, but arc 
transformed into the various forms of motion 'e see around us, and 
into the countless forms of vegetable, animal, and human activity. 
The earth, it is true, is poised in vacuous space, but it is surrounded 
by a cushion of air ; and, knowing how strongly a little air stops the 
movement of repulsion, it is easy to conceive that the sun's radiation 
through this atmospheric layer may not produce any important amount 
of repulsion. It is true the upper surface of our atmosphere must pre- 
sent a very cold front, and this might suffer repulsion by the sun ; but 
I have said enough to show how utterly in the dark we are as to the 
cosmical bearings of this action of radiation, and further speculation 
would be but waste of time. 
]t may be of interest to compare thse experimental results with a 
calculation made in 1873, before any knowledge of these facts had 
been made public. 
Prof. Clerk Maxwell, in his "Ele.ctricity and Magnetism," vol. ii., 
p. 391, writes as follows : "The mean energy in one cubic foot of sun- 
light is about 0.0000000882 of a foot-pound, and the mean pressure on 
a square foot is 0.0000000882 of a pound-weight. A fiat body exposed 
to sunlight would experience this pressure on its illuminated side only, 
and would therefore be repelled from theside on which the light 
falls." 
Calculated out, this gives the pressure of sunlight equal to about 
two and a half pounds per square mile. Between the two and a half 
pounds deduced from calculation and the fifty-seven tons obtained 
from experiment the difference is great ; but not greater than is often 
the case between theory and experiment. 
In conclusion, I beg to call especial attention to one not unimpor- 
tant lesson which may be gathered from this discovery. It will be at 
once seen that the whole springs from the investigation of an anomaly. 
Such a result is by no means singular. 2knomalies may be regarded 
as the finger-posts along the high-road of research, pointing to the 
by-ways vhich lead, to further discoveries. 2ks scientific men are 
well aware, our way of accounting for any given phenomenon is not 
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always perfect. Some point is perhaps taken for granted, some pe- 
culiar circumstance is overlooked. Or else our explanation agrees 
with the facts not perfectly, but merely in an approximate manner, 
leaving a something still to be accounted for. /ow, these residual 
phenomena, these very anomalies, may become the guides to new and 
important revelations. 
In the course of my research anomalies have sprung up in every 
direction. I have felt like a traveler navigating some mighty river 
in an unexplored continent. I have seen to the right and the left 
other channels opening out, all claiming investigation, and promising 
rich rewards of discovery for the explorer who shall trace them to 
their source. Time has not allowed me to undertake the whole of a 
task so vast and so manifold. I have felt compelled to follow out, as 
far as lay in nay power, my original idea, passing over reluctantly the 
collateral questions springing up on either hand. To these I must 
now invite the attention of my fellow-workers in science. There is 
ample room for many inquirers. 
:Nor must we forget that the more rigidly we scrutinize our re- 
ceived theories, our routine explanations and interpretations of ature, 
and the more frankly we admit their shortcomings, the greater will be 
our ultimate reward. In the practical world fortunes have been real- 
ized from the careful examination of what has been ignorantly thrown 
aside as refuse ; no less, in the sphere of science, are reputations to be 
made by the patient investigation of anomalies.--Advance Seets of 
arterly Journal of cience. 

TIIE CkUSES OF TIIE COLD OF THE ICE PERIOD. 

Br PROF. J. S. NEWBERRY 
OF COLUMBIA COLLEGE. 

__A_FEW years ago Vhe scientific world was startled by the asser- 
tion-made by Charpentier and Agassiz, who had beeu study- 
ing the glacial phenomena of Switzerland--that at no very remote 
period, geologically speaking, the climate of the northern hemisphere 
had been very much cold(ir -than at present; and that the arctic con- 
ditions which now prevail in Greenland--with perpetual snow-sheets, 
and glaciers reaching the sea--extended as far south as the middle of 
the present temperate zone. 
At first, seriously questioned by most, strenuously denied by some 
this theory was found to be sustained by such abundant and indis- 
putable evidence--the inscriptions left by the glaciers themselves-- 
hat it was not long before it had secured a general acceptance from . 
.geologists. Since then there has been a vast amount of theorizing 
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this interesting subject are wanting; and these are not easily made 
on this iron-bound and earthquake-shaken coast, where there has been 
so little low and level land upon which Champlain clays could be 
deposited. 
That this portion of the continent--like the Eastern side--has been 
higher than now, we learn from the deeply-excavated channels of 
the Golden Gate, the straits of Carquines, the mouth of the Colum- 
bia, the Canal De Haro, etc. But this erosion was produced in part 
if not altogether in Tertiary times. At Shoalwater Bay and about 
Steilacoom, there are raised beaches, apparently of ancient date, but 
farther south the changes of level have been so frequent and local 
that nothing like system has been educed from a comparison of the 
old shore-lines. 
Taken as a whole, the glacial inscriptions of the Vest coast, as 
studied by King and Le Conte in California, and myself in Oregon, 
prove an Ice period as distinctly as do the glacial marks of the At- 
lantic coast and the Mississippi Valley ; but the peculiar topography 
of the Vestern country has made the record a somewhat different one. 
From the foregoing facts it seems to me that we are justified in 
concluding- 
1. That however simple and plausible the Lyellian hypothesis may 
be, or however ingenious the extension or application of it suggested 
by Dana, it is not sustained by any proof, and the testimony of the 
rocks seems to be decidedly against it. 
2. Though much may yet be learned from a more extended and 
careful study of the glacial phenomena of all parts of both hemispheres 
the facts already gathered seem to be incompatible with any theory 
yet advanced which makes the Ice period simply a series of telluric 
phenomena, and so far strengthens the arguments of those who look 
to extraneous and cosmical causes for the origin of these phenomena. 

A FITTING RECOGNITION OF A]IERICAN SCIENCE. 

PRESESTTATIOST OF THE RUMFORD MEDAL BY TIIE AMERICI ACADEMY OF 
SCIESTCE TO DR. DRAPER.--FROM TIIE PROCEEDLNGS OF THE ACADEMY. 

AT the six hundred and eighty-ninth meeting of this body, held 
.2___ March 8, 1876, the chairman of the Rumford Committee intro- 
duced the special business of the evening, and handed to the Presi- 
dent, IIon. Charles Francis Adams, the Rumford medals (in gold and 
silver), on each of which had been engraved the following inscription : 
" Awarded by the American Academy of Arts and Sciences to John 
W. Draper, for his researches in radiant energy, 5Iay 25, 1875." 
In presenting the medals the President said: 
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from twelve to twenty-four hours or longer. Sometimes these clouds 
before reaching the zenith, will recede and disappear beneath the 
southern horizon. This indicates a backward oscillation of the south- 
ern current, caused by the greater resistance" of the polar current. 
But in such case the stratus clouds will reappear next day or sooner 
and uniting and becomiug denser they will dvance over the zenith 
and cover the whole heavens discharging rain snow or slcet accord- 
ing to the thermal conditions present. 

FIG. 4.--CuMuLO-STRATUS CLOUDS. 

Thus by observing the clouds a northeast or winter storm may 
always be predicted from one to three days beforehand, while the 
barometer shows no change until the stratus clouds from the south 
have reached and passed over the zenith when it begins to fall ; but 
the thermometer indicates no change. 
At this stage of the storm the wind from the north rises and blows 
more violently, while the louds move northward against the wind, 
and the rain or snow driven by the prevailing wind, comes down 
obliquely from the north. After some time-the direction of the wind 
changes, and there is a calm. The air is warmer, he thermometer 
rises suddenly the barometer has reached its lowest point and the 
rain or snow falls vertically. This calm continues for a longer or 
shorter time, and the wind gradually changes until it comes from 
nearly or quite the opposite quarter from which it came ht the begin- 
ning of the storm and blows more powerfully than before. The 
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barometer now rises again, but is not as high as before the storm, 
because it is in the tropical current which has reached the locality. 
If, now, the wind from the south, which has prevailed and driven 
back the northern current, continues in the same direction until the 
entire atmospheric area of the storm passes over the zenith north- 
ward, and the sky clears up from the south or southwest, as is gen- 
erally the case in early autumn or late spring, then the next storm or 
change of weather will come from the north. But if the wind changes 
its direction again before the storm is over, as is mostly the case in 
mid-winter, and blows from the north, as it did at the beginning, 
until the entire atmospheric area of the storm is carried backward 
over the zenith, and the sky clears from the north, then the next 
storm or change of weather will come from the south, as described 
above. In this case the polar current has prevailed, the air is colder, 
the thermometer falls, the barometer rises higher than in the other 
case, and the atmospheric conditions existing before the storm are 
gradually reSstablished. 
Sut_E SToRs.--Before a progressive summer storm, the air is 
usually warm and sultry, the sky cloudless but somewhat dim, and a 
light southerly breeze is blowing. Suddenly the sound of distant rum- 
bling thunder is heard, and large masses of dark cumulus clouds rise 
and arrange themselves on a long bank of stratus clouds in the north- 
ern or northwestern horizon. This is the cumulo-stratus combination 
of clouds which is the herald of a polar or progressive summer storm. 
Soon the south wind increases in violence, and drives clouds of dust 
before it. The thunder rolls, and lightning flashes more frequently. 
The clouds bank up higher and higher, and advance more slowly, until 
at last they become stationary. These are the ordinary indicati)ns of 
violent progressive summer storm, which sometimes ends in a tornado. 
Like a winter storm, it is produced by the meeting and conflict of 
the polar and ropical currents under greater differences of temperature 
and other conditions, and is therefore attended with more violent and 
complex phenomena than those of a winter storm. The changes of 
wind, and of the barometer and thermometer, during its development 
at any locality, are similar to those of a winter storm in its retur 
oscillation southward; that is, these changes occur in a reverse order 
to those of a winter storm during the regular progress of the tropical 
current northward, in the same order as during its oscillation south- 
ward. 
Iu most cases of this kind of summer storms, after the clouds have 
remained stationary for some time, discharged their rain and restored 
the disturbed equilibrium of the atmosphere, the polar current which 
produced it by moving southward oscillates back to the north again, 
and the storm at this locality is over--although similar phenomeua 
and changes will be occasioned by it later at other localities over 
which it sweeps in its oscillation northward. 
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together into water, and the one whose lump is gone first is in the 
wrong. Or they put two live shell-fish on a plate, one for each dis. 
putant, and squeeze lime-juice over them, the erdict being given 
according to which man's champion-mollusk moves first. This reason- 
ing is such as any child can enter into. Amorg the Sandwich- 
Islanders, again, when a thief had to be detected, the ".priest would 
consecrate a dish of water, and the suspected persons, one by one, 
held their hands over it, till the approach of the guilty was known by 
the water trembling. Here the connection of ideas is plain. But we 
maysee it somewhat more fully thought out in Europe, where the old 
noti(n remains on record that the execu.tioner's sword will tremble 
when a thief draws near, and even utter a dull clang at the approach 
of a murderer. 
Starting with the magical ordeal, we have next to notice how the 
religious element is imported into it. Take the ordeal of the balance, 
well known to Itindoo law. A rude pair of scales is set up with its 
wooden scale-beam supported on posts; the accused is put in one 
scale, and stones and sand in the other to counterpoise him; then he 
is taken out, to be put in again after the balance has been called upon 
to show his guilt by letting him go down, or his innocence by raising 
him up. This is pure magic, the ideal weight of guilt being by mere 
absurd association of ideas transferred to material weight in a pair 
of scales. In this process no religious act is essential, but in practice 
it is introduced by prayers and sacrifices, and a sacred formula 
appealing to the great gods who know the walk of men, so that it is 
considered to be by their divine aid that the accused rises or falls at 
once in material fact and moral metaphor. If he either goes fairly up 
or down the case is clear. But a difficulty arises if the accused hap- 
pens to weigh the same as he did five minutes before, so nearly at 
least as can be detected by a pair of heavy wooden scales which 
would hardly turn within an ounce or two. This embarrassing pos- 
sibility has in fact perplexed the Hindoo lawyers not a little. One 
learned pundit says, "He is guilty, unless he oes right up!" A 
second suggests, "Weigh him again!" A third distinguishes with 
subtlety, "If he weighs the same he is gtfilty, but not so guilty as if 
he had gone right down!" The one only interpretation that never 
occurs to any of them is, that sin may be an imponderable. We may 
smile at the Hindoo way of striking a moral balance, but it should he 
remembered that a similar practice, probably a survival from the same 
original Aryan rite, was kept up in England within the last century. 
In 1759, near Aylesbury, a woman who could not get her spinning- 
wheel to go round, and naturally concluded that it had been be- 
witchd, charged one Susannah Haynokes with being the witch. At 
this Susannah's husband was indignant, and demanded that his wife 
should be allowed to clear herself by the customary ordeal of weigh- 
ing. So they took her to the parish church, stripped her to her under 
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of the perjurer. It is with the same personification, the same fear of 
impending chastisement from the outraged deity, that savage and 
barbaric men have sworn by sky or sun. Thus the Huron Indian 
would say ia making solemn promise, "Heaven hears what we do 
this day ! ' and the Tunguz, brandishing a knife beforethe sun, would 
say, "If I lie, may the sun plunge sickness into my entrails like this 
kniti." We have but to rise one stage higher in religious ideas to 
reach the type of the famous Roman oaths by Jupiter, the heaven- 
god. He who swore held in his hand a stone, praying that, if he 
knowingly deceived, others might be safe in their countries and laws, 
their holy places and their tombs, but he alone might be cast out, as 
this stone now--and he flung it from-him. Even more impressive 
was the great treaty-oath, where tlJe pater 29.atratus, holding the sa- 
cred flint that symbolized the thunderbolt, called on Jove that if by 
public counsel or wicked fraud the Romans should break the treaty 
first--" In that day, 0 Jove, smite thou the Roman people as I here 
to-day shall smite this swine, and smite the heavier as thou art the 
stronger !" So saying, he slew the victim with the sacred stone. 
These various examples may be taken as showing the nature and 
meaning of such oaths as belong to the lower stages of civilization. 
Their binding power is that of curses, that the pe:jurer may be -is- 
ited by mishap, disease, death. But at a higher stage of cultur% 
where the gods are ceasing to be divine natural objects like the Tiber 
or Ganges, or the sun or sky, but are passing into the glorified human 
or heroic stage, like Apollo or Venus, there comes into view a milder 
kind of .oath, where the man enters into fealty with the god, whom 
he asks to favor or preserve him on condition of his keeping troth. 
Thus, while the proceeding is still an oath with a penalty, this pen- 
alty now lies in the perjurer's forfeiting the divine favor. To this 
milder form, which we may conveniently call the " oath of condi- 
tional favor," belong such classic phrases as "So may the gods love 
me ! " (Ira me .Dii ament !), " As I wish the gods to be propitious to 
me ! " (Ira mihi .Deos velim jorojoitios). I call attention to this class 
of oaths, of which we shall presently meet with a remarkable exam- 
ple nearer home. We have now to take into consideration a move- 
ment of far larger scope. 
Returning to the great first-mentioned class of savage and barbaric 
oaths, sworn by gestures or weapons, or by invocation of divine 
beasts, or rivers, or greater N'ature-deitics--the question now to be 
asked is, Vhat is the nature of the penalties ? It is, that the per- 
jurer may be withered by disease, wounded, drowned, smitten by.the 
thunderbolt, etc., all these being temporal, visible punishments. The 
state of belief to which the whole class belong is that explicitly de- 
scribed among the natives of the Tonga Islands, where oaths were 
received on the declared ground that the gods would punish the false- 
swearer here on earth. A name is wanted to denote this class of 
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stratum of post-mundane oaths such as obtain among modern civilized 
nations. Roughly, the development in the course of ages. may be- 
expressed in the following two classifications: 
Curse. 
MundaneMixed t Oaths, Conditional Favor. 
1)ost-Mundne  Judgment. 
Though these two series only partly coincide in history, they so 
far fit that the judicial oaths of the lower culture belong to the class 
of mundane curs% while those of the higher culture in general belong 
to that of post-mundane judgment. Anthropologically, this is the 
most special new view I have here to bring forward. It forms part 
of a wider generalization belonging at once to the science of morals 
and the science of religion. But,'rather than open out the subject 
into this too wide field we may do well to fix it in our minds by 
tracing a curious historical point in the legal customs cf our own 
country. Every one knows that the modes of administering a judi- 
cial oath in Scotland and in England are not the same. In Scotland 
where the witness holds up his hand toward heaven, and swears to 
tell the truth as he shall answer to God at the day of judgment, we 
have before us the most explicit pbssible example of a post-mundane 
oath framed on Christian lines. In contrasting this with the English 
judicial oath, we first notice that our acted ceremony consists com- 
monly in taking a/ew Testament in the hand and kissing it. Thus 
unlike the Scotch oath, the English oath is sworn on a halidome 
(Anglo-Saxon, hdligdSra; German, heiligthum), a holy or sacred object. 
Many writers have fallen into confusion about this word, mystifying 
it into sacred judgment or "holy doom;" but it is a perfectly 
straightforward term for a sanctuary or relic, as " On tham haligdome 
swerian"--to swear by the relic. Now, this custom of swearing on 
a halidome belongs to far pre-Christian antiquity, one famous exam- 
ple being when Hannibal, then a lad of nine years old, was brought 
by his father to the altar and made to swear by touching the sacred 
things (tactis sacris) that when he grevup he would be the enemy 
of Rome. In classical antiquity the sacred objects were especially 
the images and altars of the gods, as it is put in a scene in Plautus, 
"Touch this altar of Venus !" The man answers, "I touch its" and 
then he is sworn. When this ancient rite came into use in early 
Christian England, the object touched might be the altar itself, or a 
relic-shrine: like that which Harold is touching with his right fore- 
finger in the famous scene in the Bayeux tapestry, or it might be a 
missal, .or a book ofthe gospels. In modern England a copy of the 
ew Testament has become the recognized halidome on which oaths 
are taken and the practice of kissing it has almost supplanted the 
older and more general custom of touching it with the hand. 
ext, our attention must be called to the remarkable formula in 
which (in England not in Scotland)the invocation of the Deity is 
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legislators to use oaths, not merely in special and solemn matters, but 
as means of securing honesty in the details of public business. When 
this has been done, the consequences to public morals have been dis- 
astrous. There is no need to hunt up ancient or foreign proofs of this, 
seeing how conspicuous an instance is the state of Ergland early in the 
present cehtury, while it was still, as a contemporary writer called it, 
"a land of oaths," and the professional perjurer plied a thriving trade. 
A single illustration will suffice, taken from the valuable treatise on 
Oaths, published in 1834, by the Rev. James Endell Tyler: "During 
the continuance of the former system of custom-house oaths, there 
were houses of resort where persons were always to be found ready at 
a moment's warning to take any oath required ; the signal of the busi- 
ness for which they were needed was this inquiry t_Any damned soul 
here?'" Nowadays this enormous excess of public oaths has been 
much cut down, and with the best results. Yet it must be evident to 
students of sociology that the world will not stop short at this point.. 
The wider question is coming into views What effect is produced on 
the every-day standard of truthfulness by the doctrine that fraudulent 
lying is in itself a minor offense, but is converted into an awful ci-ime 
by the addition of a ceremony and a formula ? It is an easily-stated 
problem in moral arithmetic; on the credit side, Government is able 
to tighten with an extra screw the consciences of a shaky class of wit- 
nesses and public officers; on the debit side, the current value of  
man's word is correspondingly depreciated through the whole range 
of public and private business. As a mere sober student of social 
causes and effects, following along history the tendencies of opinion, 
I cannot doubt for a moment how the public mind must act on this 
problen. I simply predict that where the judicial ordeal is already 
gone, there the judicial oath will sooner or later follow. Not only do 
symptoms of the coming change appear from year to year, but its 
greatest determining cause is uniblding itself day by day before ob- 
servant eyes, a sight such as neither we nor our fathers ever saw 
before. 
IIow has it come to pass that the sense of the sanctity of intel- 
lectual truth, and the craving after its full and free possession, are so 
mastering the modern educated mind ? This is not a mystery hard to 
unravel. Can any fail to see how in these latter years the methods 
of scientific thought have come forth from the laboratory and the mu- 
seum to claim their powers over the whole range of history.and philos- 
ophy, of politics and morals ? Truth in thought is fast spreading its 
wide waves through the outside world. Of intellectual truthfulness, 
truthfulness in word and act is theout,yard manifestation. In all 
modern philosophy there is no principle more fertile than the doctrine 
so plainly set forth by Herbert Spencer--th. at truth means bringing 
ore" minds into accurate matching with the realities in and around us ; 
so that both intellectual and moral truth are bound up together in 
voL. x.--21 
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they hold their ground very firmly, yet how they do so we have 
not discovered. Neither can we understand how the nursing father 
avoids swallowing h.is progeny; we are also ignorant at what period 
of their life the young ones leave the l)aternal mouth to live inde- 
pendently. 
The Chromis pater-familias is 7 inches long by 1 inch thick. 
The teeth are very fine and sharp, disposed in several rows. Tle 
snout is obtuse, conical, the upper profile oblique. The nasal promi- 
nence is very conspicuous. The caudal fin is almost truncated. The 
soft rays of the dorsal reach to the beginning of the caudal. The 
length of the body, including the tail, is 4.) times its thickness. The 
snout is in length twice the diameter of the orbit. The mouth is 
s:ightly oblique, large, as wide as it is long. The teeth are slightly 
recurved, disposed in three or four rows, tinged with deep yellow at 
the fi'ee end. The first row presents 26 on each side of tile upper 
maxillary. The fins show the number of rays following- 
Dorsal .......................................... 14+ 11 
Anal ...........................................  + 8 
Caudal .......................................... 16 
Pectoral ........................................ 12 
Ventral ........................................ 1 + 5 
The lateral line comprises 32 scales disposed 0+12. The scales 
are cycloidal, their length greater than their breadth ; three-fourths 
of their surface is covered by the succeeding scales. Color, olive- 
green on the back, barred with blue. The belly has a silverj, lustre, 
with green and blue spots. 
I caught this interesting species, with a net, on the 29th of 
April, 1875, in shallow water full of reeds, on the margin of Lake 
Tiberias, at a place called Ain-Tin, the ancient Capernaum. There 
are numerous warm springs there which unite to form a rather con- 
siderable stream. It is in these warm waters that the Chroms lives. 
-- ga rature. 

BIGOTRY IN SCIENTIFIC CONTROVERSY.' 

-ANY edifying commonplaces might doubtless be written on the 
- - intellectual fermentation, if it may not rather be called confu- 
sion of the age. Nor can it be denied that tendencies supposed to 
have been long ago slain and sepulchred have risen again, and are 
. 
asserting themselves with a hardihood which our fathers would have 
deemed impossible. When we find a scientific work--at any rate a 
work .written by an eminent scientific man, and devoted to the dis- 
 "Lessons from Nature. By St. George Mivart, F. R.S." New York : D. Appleton 
& Co. 
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"Filled the butchers' shops with large blue flies," 
or who-- 
"With foul earthquakes ravaged the Caracas, 
And raised the price of sugars and tobaccos." 
Suppose, in all sober sadness, an inquirer knowing nothing more 
of Darwin than what he might learn out of "Lessons from ature." 
Would he not go away with the impression that our great English 
naturalist had done little beyond launching a "puerile hypothesis," 
and had played a very unimportant--and, if anything, rather injuri- 
ous-part in the development of biological science ? Yet every can- 
did critic must admit that, were the theory of natural selection 
superseded to-morrow, to Darwin would still belong the merit of 
effecting in natural history a transformation as signal as that wrought 
in astronomy by Galileo, Copernicus, and Kepler, or in chemistry by 
Lavoisier; of bestowing upon zoSlogy and botany a definite purpose 
and a direction for research such as before were wanting. I-Iis works 
would still remain a treasury of observations and of suggestions, and 
the impulse he has given to the science would never die away. In 
England, Germany, America, naturalists have sprting up as if by 
magic in obedience to his spell, and Mr. 5Iivart himself can hardly be 
excluded from their number. 
We need scarcely add that a critic unjust to persons will not b 
much more trustworthy as regards their discoveries and their doc- 
trines. The evidence in favor of natural selection--and indeed of 
evolution altogether--is strictly cumulative, and as such, whatever 
weight it may carry to the patient and dispassionate inquirer, it is 
pectlliarly open to the attacks of an opponent at one skillful and un- 
scrupulous. We do not; of course, mean to accuse Ir. Mivart of 
deliberate unscrupulousness. We all know the words--in themselves 
literally reeking with hypocrisy--in which "the Church " pronounced 
sentence of death on Giordano Bruno : " brt quctm cleetissime et citra 
sanguinis e27'usionem puniretur" (Let him be punished as leniently as 
may be, and without shedding blood). Yet even on that occasion 
we should be reluctant to declare that the judges were sinning 
against better light and knowledge. Just so here: )Ir. hIivart doubt- 
less believes and feels -hat he says, and considers his own line of 
criticism lair and honorable. We know that man is an adept in self- 
delusion, and of all men the metaphysician who has cultivated the art 
s egarer avec mthode (of going astray methodically) is most likely o 
go unconsciously astray. 
We come nbw to a most painful subject, which, indeed, we would 
gladly pass over were not its consideration absolutely imperative. 
]Ir. Iivart complains lhat in one particular instance Ir. Darwin de- 
parts from his ordinary courtesy to opponents. We are therefore 
justified in assuming that he regards courtesy to opponents as a duty 
--at least in others. Bearing in mind this circumstance, we turn to 
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those random charges of dishonesty and mendacity and those sweep- 
ing ascriptions of motive which are unfortunately so co,ninon. Titus 
we have often heard and seen it asserted that the authors of some 
particular theory were actuated by a desire to disprove the exi.tence 
of a God, to subvert the Christian religion or sonm particular form of 
it, or to injure public morals. To such assertors we would reply: 
' Prove your charge by evidence such as would satisfy an imlartial 
court of justice or take the consequences which will ot be pleas- 
ant !' We are here reminded that in the very passage in 5It. 
Mivart's book (p. 144), in which he comes unpleasantly near charg- 
ing Sir. Darwin with atheism he brings ibrwal'd against the same 
gentleman something very like an accusation of dish(nesty. It is 
perfectly true that in the "Origin of Species" )h'. Darwin does not 
pronounce as to whether mankind had or had not been gradually 
evolved from some lower form of animal life. But reticence is very 
diflkrent from dishonesty. A thinker is not absolutely bound to bring 
his speculations to light at all; 1br keeping them back while he is 
accumulating and weighing the evidence for and against them he 
deserves praise rather than censure. :Nay even for introducing doc- 
trines gradually as the public are able to bear them, there is certainly 
authority which Sir. Mivart cannot consistently impugn. ]or must 
we forget that :Sir. Darwin has from the first nowise courted puh- 
licitv for his views. But for the fact that Sir. Wallace was known to 
be preparing a work of a somewhat similar nature even the "Origin 
of Species" might never have seen the light. 
There may be persons who will be aggrieved at this expression of 
our views on the subject of scientific controversies; but if they feel 
themselves guiltless they may cheerfully exclaim, "Let the galled jade 
wince." As fr those who have actually made the kind of charges 
we protest against, they have no claim to lenity or forbearance. 
Controversies on theories in the various inorganic sciences have 
been carried on with no little acrimony. But charges of atheism are 
at least banished. Why may not this reform be extended to biology 
and psychology? Those who cannot treat these subjects from a 
purely scientific point of view may serve to test the patience of unfor- 
tunate reviewers but they cannot lead us to the truth.--xtract.fron 
Article i the Qarterly ,fourual of Sciece. 
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the Leyden philosophers correctly stated the conditions necessary to 
the success of the experiment. IIence the phial received the name of 
the Leyden-phial, or Leyden-jar. 
The discovery of Kleist and Cuneus excited the most profound 
interest, and the subject was explored in all directions. Wilson, in 
1746, filled a phial partially with water, and plunged it into water, 
so as to bring the water surfaces, within and without, to the same 
level. On charging such a phial the strength of the shock was found 
greater than had been observed before. 
Two years subsequently Dr. Watson and Dr. Bevis noticed how 
the charge grew stronger asthe area of the conductor in contact with 
the outer surface increased. They substituted shot for water inside 
the jar, and obtained substantially the same effect. Dr. Beis then 
coated a plate of glass on both sides with silver-foil, within about an 
inch of the edge, and obtained from it discharges as strong as those 
obtained from a phial containing half a pint of water. Finally, Dr. 
Vatson coated his phial inside and out with silver-foil. By tlmse 
steps the Leyden-jar reached the form which it possesses to-day. 
It is easy to repeat the experiment of Dr. Bevis. Procure a glass 
plate nine inches square ; cover it on both sides with tin-foil six inches 
square. Connect one side with the earth and the other with the 
machine. Charge and discharge : you obtain a brilliant spark. 
In our experiment with the golden fish (Fig. o_o_), we employed a 
common form of the Leyden-jar, only with the difference that to get 
to a sufficient distance from the glass, so as to avoid the attraction of 
the fish by the jar itself, the knob was placed higher han usual. But, 
with a good flint-glass tumbler, a piece of tin-foil, and a bit of wire, 
you can make ajar for yourself. Bad glass, remember, is not rare. 
In Fig. 24 you have such a jar. T is the outer, T' the inner coating, 
reaching to within an inch of the edge of the tumbler G. W is the 
bit of wire fastened below by wax, and surmounted by a knob, hich 
may be of metal, or of wax or wood, coated with tin-foil. In charging 
the jar you connect the outer coating with the earth--say with a ga.s- 
pipe or a water-pipe--and present the knob to the conductor of your 
machine. A few turns will charge the jar. It is discharged by lay- 
ing one knob of a "discha.rger" against the outer coating, and causing 
the other knob to approach the knob of the jar. Before contact, the 
electricity flies from knob to knob in the form of a sl,ark. 
A "discharger" suited to our means and purposes is shown in Fig. 
.o5. H is a stick of sealing-wax: ]I r ]Va stout wire bent as in the 
figure, and ending in the knobs /? '. These may be of wax coated 
with tin-foil. Any other light conducting lnobs would of course 
answer. The insulating handle//protects you eflbctually from the 
shock. 
Sc. 18. aTlan(ttion of the fey(h,n-r.--The principles of 
electrical induction with which you are now so familiar will enable 
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you to thoroughly analyze and understand the action of the Leyden- 
jar. In chargiug the jar the outer coating is connected with the 
earth and the inner coating with the electrical machine. Let the 
machine as usual, be of glass yielding positive electricity. When it 
is worked the electricity poured into the jar acts inductively across 
the glass upon the outer coating ; attracting its negative and repelling 
its positive to the earth. Two mutually attractive electric layers are 
thus in presence of each other, being separated merely by the glass. 
When the machine is in good order and the glass of the jar is thin 
the attractio'n may be rendered strong enough to pe-forate the jar. 
Franklin saw and announced with clearness the escape of the 
electricity from the outer coating of the jar. His statement is tha*, 
whatever be the quantity of the "electric fire ' thrown into the jar, 
an equal quantity was dislodged from the outside. We have now 
to prove by actual experiment that this explanation is correct. 
Place your Leyden-jar upon a table and connect the outer coating 
with your electroscope. There is no divergence of the leaves when 
electricity is poured into the jar. 
But here the outer coating is connected through the table with the 
earth.. Let us cut offthm communication by an insulator. Place the 
jar upon a board supported by warm tumblers or upon a piece oi 
vulcanized India,rubber cloth and again connect the outer coating 
with the electroscope. The moment electricity is communicated to 
he knob of the jar the leaves of Dutch metal diverge. Detach the 
wi-e by your discharger and test the quality of the electricity--it is 
positive, as theory declares it mut be. 
Consider now the experiment of Kleist and Cunaeus (Fig._3). 
You will I doubt not, penetrate its meaning. You will see that in 
their case the ]and formed the outer coating of the jar. 'hen 
electricity was communicated through the nail to the water withn 
that electricity acted across the glass inductively upon tle.hand at- 
tracting the one fluid and repelling the other to the earth. 
Again I say, prove all things; and what is here affirmed may be 
proved by the following beautiful and conclusive experiment" Stand 
on your board, insulated by its four tmnblers; or upon a sheet ot 
gttta-percha, or vulcanized India-rubber. Seize the old Leyden-phial 
with your left hand, and touch the electroscope with the right, or with 
a lath or a wire held in the right. When electricity is communicated 
to the nail the leaves immediately diverge by the electricity driven 
from your left hand through your body to the electroscope. 
Here the nail may be electrified either by connectitg it with the 
prime conductor of the machine or by simply rubbing it with an 
excited glass rod. Indeed, I should prefer your resorting to the sim- 
plest and cheapest means in making these experiments. 
As a thoughtful and reflective boy you cannot, ]: think help won- 
dering at the power which your thorough mastery of the principles 
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ing plate; the uninsulated one,/,the condensing plate. Connect the 
collecting plate with your electroscope by the wire, ]V and bring the 
condeusing plate near it, leaving, however, a thin space of air between 
them. Charge the collector, ao, or the wire, ]V, with your glass rod, 
uutil the leaves of the electroscope begin to diverge. Withdraw the 
coudensing plate, the leaves fly asunder; bring the condensing plate 
near, the leaves again collapse. 

w . 
IIlII!IUIIIII[III[I[JlItI[IIIIIIIII]flI]IIItlMIIItI'IJ',,VlII, ,.'."'. .......... ,,' ................. '1 
Fro. 27. 

O', vary your construction, and make your condenser thus: Em- 
ploying the tal)le, or a sheet of foolscap if the table be an insulator, 
as one plate of the condenser, spread upon it the sheet of India-rub- 
ber,/9 Fig. 28, and lay upon the rubber the sheet of block-tin, A,//. 
Connect the tin by the wire, ] with the electroscope, T/ L. Im- 
part electricity to the little weight, .4, till the leaves, L, begin to 
diverge; then lilt the tin plate by its two silk loops; the leaves,/; 
at once fly asunder. 

Finally, show your complete knowledge of the Leyden-jar, ap.d 
your freedom from the routie of the instrument-makers, by making 
a "jar," in the following novel way: Stand upou a board supportel 
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table. Surrounding their ends with powder at S, and sending through 
the powder the unretarded charge, the powder is scattered mechnni- 
cally. Introducing the wet string w into the circuit, it infallibly 
ignites. 

ttIIttttIvtIitIIt!tttttttt!ttttttrtttti:1t1:.; 

, CERTAIN PHASES OF BIRD-LIFE. 

CHARLES C. ABBOTT, M. D. 

OTWITHSTANDING so general an interest has been taken in 
studying the habits of our birds, by both scientific and amateur 
naturalists, there are several phases of bird-life to which little or no 
attention has been paid; at least scant reference, if any has been 
made to them, in ornithological literature. 
One such feature of bird-life is the mode of acquiring the range of 
flight-power characteristic of each species. A careful and long-con- 
tinued study of our birds in their chosen haunts, free from all unnatural 
(i. e., human) persecution, has enabled me to detect but little variation 
in the flight-powers of the individuals of any species of bird observed 
--far less than in the general range of their habits; but still, such 
individual variation, I think, does exist. A bird is not a perfectly- 
adapted machine, capable of faultlessly filling its destined place in 
/ature, and unerringly performing everything required of it. Vith 
the simple grou'th of the feathers of the wing, there does not come 
the ability to fly. Just as creeping precedes walking, in children, this 
is a gradually-acquired power. The commencement may be termed 



pasture-fields, overturn dry chips of cow-dung, in search of crickets ; 
but such young birds will naturally ibllow their parents thither, and 
this is just the case, for the larger proportion of birds killed in Octo- 
ber, insuch localities, are the y(mng of the preceding summer. 
In conclusion, with reference to young birds, I believe they leave 
their nests totally ignorant, and naturally imitate their parents. What 
this imitation secures to them, in the way of knowledge, they perfect 
by experience; and this explains the variation in the habits of the 
same birds, so noticeable when studied in localities widely distant and 
greatly differing in character. 
Let us turn our attention now to adult birds ; and, with reference 
to them, I would refer particularly to two phases of their life-habits 
that have interested me exceedingly. The first of these points is the 
ingenuity so frequently displayed in procuring food. By the exercise 
of ingenuity, I mean instances of the attacking bird (in cases of birds 
of prey) being at first outwitted by the pursued, and, after repeated 
efforts a-ailing nothing, ceasing its aggressive movements ; then con- 
sidering the causes of failure, planning a new method of action, and, 
having correctly judged the difficulties, finally succeeding. This, at 
least, is the mauner in which I interpret the following instance: 
While out watching our winter birds, January 22d of this year, I 
was caught in quite a hard shower, and sought shelter under a group 
of three large, dense cedars. Like myself, driven in from the adjoin- 
ing meadows by the increasing rain, came a dozen or more sparrcws, 
which, settling among the branches, commenced dressing their feath- 
ers and twittering cheerily. In a few moments after came, with a 
rush and loud chirp, a gay cardinal. If the sparrows did not ac- 
knowledge his presence with a low bow, each, at any rate, took a 
lower branch, leaving him on his elevated perch like a monarch on 
his throne. But he was fated to be molested, for, scarcely had he 
become fairly settled, and his feathers moothed, when a sparrow- 
hawk rushed through the tree, with a zigzag movement, endeavoring 
to seize him or one of his attendant sparrows. Failing in this, the 
hawk hovered about a few moments, giving the scattered birds time 
to return, which they quickly did, when, with a similar rush, he again 
scattered them. One little snow-bird was so thoroughly frightened 
that it lit upon my shoulder, as though seeking safety under the brim 
of my hat. The third effort of" the hawk failing, he came back imme- 
diately and seated himself at a little distance from the top of the tree, 
and close to the main stem. I remained nearly motionless, but with 
upturned face, and could plainly see the bird, although fortunately I 
escaped notice. One thing in particular attracted my notice: the 
bird was very much exhausted, " out of breath," as we should say of 
ourselves, and, with his beak open, lie panted violently. This satisfied 
me that the efforts to capture prey are not accotnplished with the ease 
sometimes supposed. As the rain was increasing, and the wind con- 
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siderable, the sparrows again collected in the tree; and now the hawk 
rushed olt instead of in, and bore a luckless sparrow in his claws. 
I think that we have here all that I claimed, when speaking of 
ingenuity on the part of adult birds in seeking their food. There 
was in the above instance a painful consciousness, at first, of failure 
to secure the. desired prey; there was a determination to succeed, in 
spite of failure at the start, and a correct determination of the cause 
of failure, coupled with the invention of a plan by which the difficul- 
ties might be overcome. Vhat more should be required to demon- 
strate that the mental powers of lower animals differ from those of 
man solely in degree ? 
Again, let us consider a case of ingenuity displayed by a bird iu 
successfiilly avoiding an enemy. IIere there is more cause to be 
surprised at the result, inasmuch as there was no cessation of the at- 
tack, to give the pursued bird time for considering how best to act 
under the circumstances; but, while fleeing for life, it matured a plan 
ot escape that happily succeeded. This instance of ingenuity on the 
part of a pursued bird I have already related (Land and Water, 
Iarch 2, 1872), but, considering it more remarkable than any other 
that has occurred to my knowledge, and having witnessed a repetition 
of it, two years later, I again relate it, in preference to other instances 
I have noted, bearing upon the same subject. The case is that )f a 
"king-rail" (P, allus elegant), which my spaniel flushed in open ground, 
the grass not being tall enough to conceal it. The bird trusted wholly 
to running, and kept clear of the dog; frequently it "doubled," and 
seemed to enjoy the chase ; but, evidently becoming somewhat thtigued, 
as shown by the nearer al)proach of the spaniel, it ceased doublin% 
but, running in a straight line some distance, it allowed the dog to 
get within a foot or more, when it jumped, with a single flap of its 
wings, a foot or more from the ground; then dropping down quickly 
behind the dog, it turned and ran in the opposite direction, gaining 
considerable ground before the impetuous spaniel could check its speed, 
turn about, and follow. IIere, again, as we would express it, in describ- 
ing any human experience,  the circumstances of the case were taken 
into consideration" by the pursued bird, and, without taking to flight, 
as would seem the more natural act, it surmounted the difficulties, and 
efl'ected its escape. I can conceive of no other way of explaining this 
action of'the rail-bird, than by adlnitting that a train of thought passed 
through the brain of the bird--that it thought, "If I can gain tilne, I 
am safe," just as any pursued person would think that, if he could 
reach some spot, be heard, etc., he would be safe. And, while yet run- 
ning at great speed, the bird thougl, t of an ingenious plan, by which 
it did gain time, and reached the reedy creek-bank in safety 
It might be argued that a single act of a bird, at some one time, 
and under peculiar circumstances, does not constitute a habit--that it 
simply chanced to do so and so; but a second ocgurrence of the kind 
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Having familiarized one's self with the various phases of bird-life, 
as it occurs in the open fields, dense thickets, along secluded streams, 
and. in shady forests, one can scarcely conclude otherwise, if happily 
he has not entered upon his studies with some preconceived notion, 
than that these wild and wary falcons, timid sparrows, fiery little 
wrens, and cautious waterfowl, are creatures that, like" man himself, 
are thrown upon the world dependent upon their own exertions, 
guided by their own reasoning powers. There are no prearranged 
rules which, when birds leave their nests, they must strictly follow, 
to exist. Given that knowledge which comes lhrough direct and in- 
direct instruction from the parent-birds, and a young bird, having the 
world beibre it, exercises just those mental powers that man ex- 
ercises, but limited just so far as its own wants are less than man's 
wants as man. Finally, in the chance occurrence of some peculiar 
habit have we not a trace of the former mode of life of some far-dis- ' 
rant ancestral form; and, in the undeniable irregularity of all habits, 
can we not discern unmistakable indications of the gradual adoption 
of every habit, just as the valfious specific forms themselves gradually 
energed from the archaic creature that, appearing in the dim past, 
foreshadowed the gigantic condor of the Andes, and the petulant 
humming-birds of our summer gardens ? 

"OF THE UNCERTAIiNTY AD YANITY OF THE 
SCIER'CES." 

IRWIN RUSSELL. 

BOUT three hundred and fifty years ago, Henry Cornelius Agrip- 
pa wrote a very curious book, "De Incertitudine et Vanitate 
Scientiarum" (Of the Uncertainty and Vanity of the Sciences). Few 
people read it now. Yet it has its interest, as an exponent of the 
state of science at that day, aside fi-om the attractions which are given 
it by the quaint, sarcastic style of the author. 
Here it is, a very old edition, in the black-letter of the sixteenth 
century. The text has numerous peculiarities. The letter " fi," with 
a dash over it, represents "an;" there are two kinds of" r's ;" the 
double "e's" and double "o's," respectively, are put on a single type. 
The emphasized words are printed in Roman characters, whereof the 
font contains no "w," and that letter is made by 1)lacing two " v's " 
together. The book is numbered by folios, instead of pages. The 
printer tells us that his edition is tr.a.nslated from the original Latin, 
compared with an Italian version. Let us transcribe some of _Agrippa's 
remarks--altering the spelling to suit our modern rules. 
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thinking at first sight that the butterflies themselves have been at- 
tacked by real fungi." 
The walking-stick insects as they are called in their turn imitate 
in the skeleton-like structure of their bodies the appearance of dried 
twigs ; and it is a singular fact that even in their awkward ungainly 
manner of walking the resemblance to the chance movements of 
twigs is clearly perceptible ; the mimicry being rendered more real- 
istic through this latter phase. Then, also we find certain harmless 
groups of moths imitating closely the outward appearance of species 
of stinging bees and hornets. And one remarkable case of mimicry 
is the well-known instance of some perfectly inodorous South Ameri- 
can butterflies which perfectly reproduce the external appearance 
of other butterflies which emit a most offensive odor; the reason 
assigned for this latter phase of mimicry being the very feasible one 
that the inodorous forms are protected from the attacks of birds 
by their resemblance to their strong-smelling neighbors. As a 
last instance of this curious phase of animal organization we may 
note the example furnished by those curious little fishes the 
pocampi, or sea-horses--so named from the obvious resemblance 
of the form of the head to that of a horse--the bodies of which be- 
come covered with long streamers of certain kinds of seaweed; so 
that, when these fishes rest amid the seaweed-covered nooks of their 
marine grottoes the presence of their streamers serves to render de- 
tection by their enemies no easy matter. 
Referring to the explanation if such can be afforded of these mi- 
metic resemblances there can be little doubt that viewed as to its 
ultimate use and purpos% the condition of mimicry serves in the most 
effective manner as a means of defense and protection to the animals 
so endowed. The resemblance of the colors of birds to that of their 
habitat presents an obvious instance of this purpose; as also does 
the more complicated example of the imitation by scentless butterflies 
of their odorous neighbors. Iut as regards the exact means whereby 
the condition of mimicry is induced and perfected or concerning the 
exact causes of its assumption and development natural history sci- 
ence in its practical aspect remains silent ; although the bolder march 
of theory and speculation may.indeed lead us for a little way toward 
the solution of the problem. At any rate there can be no difficulty 
to our clearly appreciating the workings of a great law of purpose 
and design in the production of mimicry as serving to protect the 
weak and less powerful against stronger and better-provided animals. 
Turning now to some lower forms of animal life, we find in such 
forms as the //ydrve, or common fresh-water polyps, the zoophytes, 
sea-anemones, jelly-fishes, and allied forms, excellent examples of very 
specific means of defense and offense in animals. Within the tissues 
of the bodies of the foregoing organisms when these tissues are mi- 
croscopically examined numerous little sacs or cells varying in size 
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and form, may be observed. To these cells the appropriate name of 
"thread-cells," or cnidve, has been given. When their structure is 
investigated, each little cell is seen to possess an elastic wall of dou- 
ble nature; the inner layer of the wall being strong, while the outer 
one is of thinner and more delicate texture. The upper or open ex- 
tremity of the inner layer of the sac is prolonged to form a kind of 
sheath, which protects and gives origin to a thread-like filament, from 
the presence of which, indeed, these cells derive their name. T.his 
thread, in the ordinary condition of the cell, is coiled up within the 
interior of the sac, and around its own sheath; and in many cases 
both thread and sheath may be discerned to be provided with minute 
spines or hooks. The cell itself, in addition, contains a fluid, amid" 
which the thread is submerged. 
Such is the essential structure of a thread-cell in its normal state 
of what we may term repose. Vhen such a structu.re, however, is 
pressed or irritated in any way, the cell ruptures or bursts, the con- 
tained fluid escapes, and the thread and its sheath are quickly pro- 
truded or thrown out from the opening in the cell. If, now, the thread 
and fluid are observed to come in contact with any body of appropri- 
ate and assailable kind, such a body will exhibit certain symptoms 
which will indicate to us the probable nature of these curious cells. 
Thus, when the tentacles or feelers of the sea-anemone, or of any of 
the zoSphytes, come in contact with a minute or susceptible organism 
adapted for food, the organism is first observed to struggle to escape 
from the entwining filaments which encircle its body. Soon, however, 
its active exertions cease, and the victim appears paralyzed and inca- 
pable of helping itself, or of struggling longer with its captor. The 
thread-cells, in other words, have been discharging their miniature 
darts or "threads" into the body attacked ; the fluid--in all proba- 
bility of acrid or poisonous nature--has been poisoning the tissues 
of the struggling organism; and the observatioa has revealed to us 
that the functions of the cells are undoubtedly analogous to those of 
the serpent's fangs and poison-gland, in that they serve to paralyze 
and kill the prey. 
As might naturally be supposed, the power of the thread-cells 
varies in different pecics and groups of the animals that possess 
them ; but there are some forms of Celenterata--for thus the I[ydrce 
sea-anemones, and their allies, are collectively named--in which the 
stinging-cells are of sufficient size and power to inflict severe pain on 
man himself. A'istotle was fully aware of this latter fact when lie 
named the jelly-fishes and their allies Acalephc, or "nettle-like" 
animals. 2tnd bathers and swimmers, through instinct, if not thor- 
ough zoSlogical knowledge, generally and wisely contrive to give the 
jelly-fishes a wide berth in their marine meanderings. The late Ed- 
ward Forbes, in his humorsome manner, says of one species of jelly- 
fish, that, "once tangled in its trailing  hai',  the unfortunate, who 
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SKETCII OF ALEXANDER BAIN. 

ROFESSOR BAIN, of the University of Aberdeen, is a repre- 
sentative man of the modern school of English thought, who has 
done his best work in the field of psychology. IIis elaborate treatises 
upon the human mind now take a leading place in our literature, and 
are used as text-books in many colleges and universities. Besides this 
more special line of inquiry, to which Prof. Bain has given prominent 
attention, he has also been very active in the general field of higher 
education as lecturer, examiner, and author. IIe was born at Aber- 
deen, in 1818, and entered :Marischal College, in the university of that 
town, in 1836, where he took the degree of M. k. in 1840. From 1841 
to 1844 he taught as deputy the class of Moral Philosophy in Maris- 
chal College, and 1844-'45 he had charge of the class of :Natural Phi- 
losophy in that institution. In 1845 lie was elected Professor of Nat- 
ural Philosophy in the Andersonian .University at Glasgow. In 1847 
he was appointed by the " Metr(politan Sanitary Commission" their 
assistant secretary, and in 1848 he was transferred to the same office 
in the General Board of IIealth, a post which he resigned in 1850. 
From 1857 to 1862 he held the position of Examiner in Logic and 
Moral Philosophy in the University of London. During several years 
from 1858 to 1870 he held the office of Examiner iu Moral Science in 
the India Civil Service Department, and in 1860 he was appointed by 
the crown Professor of Logic in the University of Aberdeen. In 1864 
he was relected xaminer in the University of London, and continued 
to hold that position till 1869. Prof. Bain's first literary p'roduction 
is said to have been an article in the ]testrninster Review, published 
in ]840, and he subsequently contributed much to the pages of that 
periodical. In 1847-'48 he wrote text-books on astronomy, electricity, 
and meteorology, in Messrs. Chambers's school series, also several of 
Chambers's "Papers for the People," and the articles on "Language," 
"Logic," "The lIuman Mind," and "Rhetoric," i the "Infornation 
for the People." Ia 1852 lie published an edition of the "Moral Philoso- 
phy of Paley," with dissertations and notes. "The Senses and the In- 
tellect," his first independent and systematic work, appeared in 1855, 
and in 1859 was followed by "The Emotions and the Will," thus com- 
pleting a new metho4ical exposition of the human mind. In ]861 
appeared from his pen "The Study of Character," includig an ex- 
amination of phrenology. In 1863 he published an English Gram- 
mar, and in 1866 a Manual of English Composition and Rhetoric." 
llis more recent works are: " Mental and Moral Science," 1868; 
" Logic, Deductive and Inductive," 1870 ; and "Mind and B,)dy," con- 
tributed to the " International Scientitic Series," in 1873. In 1874 
appeared "A Companion to the IIigher English Grammar," "Exam- 
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dress meat, or visit the neighbors, or 
walk abroad in the fields. Acts intrin- 
sically proper have been construed as 
crmes if done on Sunday. The absurdi- 
ties of sabbatarian legislation illustrate 
the grossest superstitions of the past. 
The following statement from Cox's 
"Sabbath Laws" represents the char- 
acter and logic of the old practices: 
"At Aberdeen, in the month of :Novem- 
ber, 1608, a great panic arose by reason 
of an earthquake which had visited the 
city, and as the cause of the earthquake 
was distinctly traceable to the custom 
of salmon-fishing on Sunday, the pro- 
prietors of the salmon-fishings were 
summoned before the Session and sol- 
emnly rebuked." This may seem ridic- 
ulous, but do we not still hear of the 
judgments that follow Sabbath-break- 
ing 
And it is important to note that, 
when viewed even theologically, the 
strictness of the Puritan Sunday is 
without authority. If the Old Testa- 
ment is appealed to, the fourth com- 
mandment forbids work with emphatic 
detail on the seventh day of the week, 
but forbids nothing else. If the lew 
Testament is appealed to, we find Christ 
nowhere establishing Sunday, but en- 
tertaining such latitudinarian views on 
the subject as to incur the reproaches 
of the pietistic Pharisees for Sabbath- 
breaking. And in reply to their pu- 
ritanical notions he curtly told them 
that  the Sabbath was made for man, 
and not man for the Sabbath." Hence 
it has been justly said that "Christ 
himself did nothing more by word 
or act than protest against the super- 
stitious abuses which in course of time 
had grown around the Sabbath." Paul 
exhorts the Colossians to independence 
of thought upon the subject, and to let 
no man judge them in respect of holi- 
days new moons, and Sabbath-days. 
It is alleged that there is no evidence 
that the early Christians kept Sunday, 
or the first day of the week, with Jew- 
ish strictness, but that it was first en- 

forced by law in A. ). 886 by the Em- 
peror Constantine, " who attached just 
as much importance to his own birthday 
as to the day of the Lord." But the 
puritanical spirit grew apace. " In 
proportion as the Church triumphed 
over paganism, so did the Christian 
days over those of the old world. The 
Church naturally used every effort to 
secure an increased respect for the days 
of its own creation. And though it was 
not till the time of Leo the Philosopher 
(889-910) that Sunday field-work was 
forbidden by an imperial law, in refer- 
ence to public games and amusements 
the ascetic tendencies of the Church 
were earlier and more generally felt. The 
first innovation in this direction was 
the law of Theodosius the Elder, which 
included in its prohibition not only sec- 
ular business but secular amusements. 
Abstinence, therefore, from toil and 
pleasure, having thus become the law of 
the Christian empire, the subsequent 
history of Sunday resolves itself simply 
into an extension of the principle." 
Coming down to the Reformation, 
we find its master-spirits still struggling 
against the tendency to sabbatarian in- 
tolerance. "Cranmer speaks of Sun- 
day and other days as mere appoint - 
ments of the magistrates,' but considers 
that a sufficient reason for their observ- 
ance." Tyndale says: "As for the Sab- 
bath, we be lords of the Sabbath, and 
yet change it into Monday, or into any 
other day as we see need, or may make 
every tenth day a holy day, only as we 
see cause why; neither need we any 
holy day at all if the people might be 
taught without." Luther said: "If any- 
where any one sets up its observance 
on a Jewish foundation, then I order 
you to work on it, to ride on it, to dance 
on it, to do anything that shall remove 
the encroachments on Christian liber- 
ty." Calvin, in this, was equally lib- 
eral, and set an example hy playing the 
game of bowls on Sunday. In all these 
cases we note the recognition of Sun- 
day as a human institution, subordinate 
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made by Thomas Aquinas, and the unfor- 
tunate route taken by science in conse- 
quence; in anatomy and medicine, the ear- 
lier growth of ecclesiastical distrust of these 
sciences; in scientific education, the deal- 
ings of various European universities with 
scientific studies; in political and social sci- 
ence, a more complete statement of the oppo- 
sition of the Church, on scriptural grounds, 
to the taking of interest for money ; and in 
the conclusion, a more careful summing up." 
The distinguishing feature of this little 
volume, and which will make it eminently 
valuable and useful at the present time, 
is its copious and careful notes, which 
give authoritative support to the argument. 
Nothing important is left to rest upon mere 
assertion. The battle that Science has had 
to fight from the beginning, and without re- 
mission, with ignorance, prejudice, and in- 
tolerance, inspired and directed by ecclesi- 
astical influence, is vividly delineated in the 
text, and the positions taken are so forti- 
fied by citations from works of the highest 
character as to leave little room for further 
controversy. That the history of Science 
has been throughout a struggle with the 
theologians, and that the Bible has been 
used by devout believers in its infallible in- 
spiration to crush out the results of scientific 
inquiry, are perfectly well known; while 
that science is still dreaded and denounced 
on religious grounds, and that the Bible 
is still extensively appealed to against its 
conclusions, are now so obvious that there 
is certainly no reason for doubting its em- 
ployment in the same way, in less enlight- 
ened times. But there are so many who 
are inclined to forget, and belittle, and ex- 
plain away the uglier features of the past 
conflict, that it becomes necessary to array 
the evidence of it in book and page, chap- 
ter and verse, as President White has done. 
Nothing is to be gained, at any rate, by ig- 
noring historic truth, and bigotry and su- 
perstition still offer too vigorous a resistance 
to the advance of rational inquiry to make 
it desirable that we should quite forget the 
painful lessons of the past. 

DIE HUNDERTJHRIGE REPUBLIK. VOU JOHN 
H. BECKER. Augsburg : Lampart & 
Co. Pp. 440. 
THE author of the " Centennial Repub- 
lic," during a sojourn of several years in the 
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United States, was a critical observer of 
our social and political life. The result of 
his observations is a merciless exposure of 
all the vices and defects of republican in- 
stitutions as they exist in this country. 
The work is in reality a pamphlet intended 
to influence the minds of Germans living at 
home, and to dissuade them from emigrat- 
ing to the United States. Mr. Becker has 
three chapters on the condition of the 
working-class ; several chapters on politics 
and government, rings, carpet-baggery, cor- 
ruption, the lobby ; finally, he treats of the 
family, education of children, and a number 
of other subjects. The author is an advo- 
cate, and does full justice to the cause he 
defends ; the brighter side of American life 
is not his concern. 
FRENCH POLITICAL LECHERS. By E. KING. 
.Also, GERMAI POLITICAL LEA)ERS. By 
HERBERT TUTTLE. Pp. 264. New 
York: Putnams. Price, $1.50 each. 
THESE tWO volumes are numbered re- 
spectively III. and IV. in Putnam's series 
of "Brief Biographies," designed to ac- 
quaint the American public with the char- 
acters and services of eminent politicians 
and statesmen abroad. In vol. iii. we have 
sketches of twenty-three of the foremost 
political leaders of France, and in vol. iv. of 
nineteen men prominent in the political life 
of Germany. Both Mr. King and Mr. Tut- 
tie have enjoyed the advantage of personal 
acquaintance with several of the subjects of 
their biographies; in all cases they have 
had the best opportunities for studying the 
men whose lives they describe. They are 
no transcribers of biographical notes and 
dates, their aim being rather to portray 
character than to inform the reader of the 
dry and impertinent details of a man's career. 
HISTORY OF THE tNITED STATES. By J. A. 
DOYLE. New York: Holt. Price, $1.40. 
THIS is beyond question the best man- 
ual of the history of the United States' that 
has yet been written. The style is plain 
and marked by directness; and the author 
usually assigns to events their true propor- 
tions, as viewed from the standpoint of the 
impartial historian. Four graphical maps 
exhibitl. The changes in territory; and, 
2. The distribution of population in 1'/90, 
1880, and 1870. 
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there were 53,195 deaths ; in 1871, 25,534 ; 
in 1874, 12,026. That this decrease is due 
to vaccination is shown from the fact that 
in the northern districts, where vaccination 
is in greater favor with the people t.an in 
the southern, the rate of small-pox mortality 
per 1,000 is 1.31, while in Umballa and six 
other southern districts the rate is 2.05. 
TrIE scientific results of the Polaris Ex- 
pedition are nearly ready for publication. 
They will form four volumes, the first three 
of which, edited by Dr. Emil Bessels, will 
be devoted to hydrography, meteorology,. 
and astronomy. The fourth volume, of 
which Admiral Davis has charge, will con- 
taiu a narrative of the expedition and much 
biographical information. 
A 'EW industry has been introduced in 
France--the breeding of ants for their eggs. 
These eggs are sold to the breeders of 
pheasants. As yet the business is in the 
hands of its originator, a woman, and she 
already appears to be on the high-road to 
fortune. 
Fo experiments made by Scolosuboff, 
it appears that dogs can absorb with im- 
punity about sixteen times as much arsenic 
(in proportion to their weight) as would 
kill a human being. 
T. cinchona-tree has been introduced 
successfully into the island of Rdunion. 
The cinchona-seeds were first sowed near 
the coast, and the young trees which grew 
from them were subsequently conveyed to 
an altitude of from 2,000 to 2,500 feet. 
There they thrive so well that in four years' 
time some of them grew to the height of 
twenty-one feet. 
I the annual report of Prof. Henry it 
is stated that the Smithsonian Institution 
fund now amounts to $717,000. It is con- 
templated to authorize a series of experi- 
ments to determine accurately the rate of 
increase of the earth's temperature at pro- 
gressive depths. Another project embraces 
new and careful experiments on the velocity 
of light. The work of ascertaining the 
weight of the earth by Cavendish's method 
will also probably be undertaken anew. 
I the milk of cows affected by the foot 
and mouth disease, there is a marked ten- 
dency of the fat-globules to aggregate. The 
later are also much larger than in healthy 
milk, and iu advanced stages of the disease 
rise to the surface, not as cream, but as 
pure butter-fat. The film enveloping the 
particles of fat presents a glairy, mucs-like 
appearance, and is intensely reiactive. It 
is only necessary to agitate a strongly-af- 
fected sample of the milk for a few minutes 
in order to obtain from a pint of milk a 
lump of butter weighing an ounce or more. 

GERMAN manufacturers are purchasing 
the fish-bones gathered along the Norwegian 
coast at the great fish-curing stations. The 
bones make a good fertilizer, and when pul- 
verized by suitable machinery at the point 
of collection are readily transported. It is 
estimated that the bone-product of the es- 
tablishments in Newfoundland amount to 
20,000,000 pounds a year. 
DR. R. ANGUS'SMITH advocates the cult- 
ure of peat as a fuel. In the Grampian 
Hills he finds a bog, the annual product of 
which is ten tons of dry peat--equal to four 
tons of coal. By proper treatment it is 
possible to grow the material much faster 
than this. Indeed, the product of the bog 
mentioned above is considered to be far be- 
low the average. 
EXPLOSIONS of fire-damp in coal-mines 
are found to occur most numerously in times 
of low atmospheric pressure. When the 
pressure is great, the carburetted hydrogen 
is prevented from issuing from the walls and 
sides of the coal-seam ; but when the press- 
ure is suddenly lessened the gas escapes, 
and accumulates until sometimes it reaches 
the proportion sufficient with common air 
to form an explosive mixture. 
]IR. ]=[ENRY S. DRIIIKER, O Philadelphia, 
mining engineer, is preparing a work on 
"American Tunnels and Tunneling," and 
has sent out a circular in which he requests 
that data concerning raih'oad tunnels, min- 
ing tunnels, headings, and drifts, be for- 
warded to him, so as to make the work as 
complete as possible. Mr. Drinker's ad- 
dress is 1,906 Pine Street, Philadelphia. 

APPLYING to the elephant :Flourens's 
mode of estimating the natural duration of 
an animal's life, viz., multiplying by five the 
number of years requisite to perfect its 
growth and development, Sir J. Emerson 
Tennent fixes the term of life for that great 
pachyderm at (thirty by five) a hundred and 
fifty years. Maturity is shown by the con- 
solidation of the bones of the animal with 
the epiphyses, and in the elephant this con- 
solidation is complete at the age of about 
thirty. 

IN the seal-fishery an enormous amount 
of wholesome meat is annually wasted. Only 
the blubber and skins of the seals are brought 
away. It is proposed to have the meat put 
up in tin cans at Disco, and so shipped to 
Europe for food. 
A OWEST iS on foot to bring about a 
uniformity of measures, instruments, and 
methods of observation, among physicians 
in all countries. It is proposed to ask the 
next International Medical Congress to con- 
stitute national commissions for the purpose 
of deciding upon the most practical means 
of attaining this object. 
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thither to summon individuals who, in their folly, take no note of the 
change of temperature. Is it not plain that these birds know how to 
say, "It is time to be gone ?" 
But in all probability the language of animals gives expression 
only to very simple impressions and ideas. But, inasmuch as we do 
not understand it, we cannot define either its extent or its true char- 
acter. Some persons have the power of imitating the calls and songs 
of birds; and birds, in turn, repeat human language, without, how- 
ever, understanding its sense; it is only very rarely that we can 
recognize in the phrase uttered by the inhabitant of a cage the ex- 
pression of a desire. ]Ian and dog, close friends though they are, 
understand one another only by means of a sort of pantomime. 
Eventually the dog understands some of the words spoken by his 
master, and the man understands some of the vocal expressions of his 
trusty friend; and tlis is the highest result of long association. It 
appears as though, by a supreme will, an insurmountable obstacle had 
been opposed to all close communication between man and animals. 
Apparently those animals whose organization comes nearest to 
that of man lack both the faculty of producing an ensemble of articu- 
late sounds and the degree of intelligence requisite for attaching to 
words a strictly determinate meaning. o monkey has ever learned 
to talk. In our own day the comparative study of specialties of or- 
ganization and of the life-conditions of living beings has thrown ight 
upon the subject of articulate speech. We may confidently affirm that 
a creature possessing an instrument or an organ subject to the control 
of its will comes into the world possessed of an instinct to employ 
that organ or instrument; guided by intelligence, it will make more 
or less happy use of it. As individuals differ from one another in the 
perfection of their vocal organs, so too they differ in the measure of 
their control of those organs. :Natural gifts and judicious exercise 
afford immense advantages. All men possess a vocal apparatus: for 
talking or for singing they usually employ it skillfully enough to an- 
swer all common'demands; while a privileged few produce wonderful 
effects with the same instrumentalities. 
The mechanism of voice deserves to be studied by all. As regards 
man, we now have very accurate knowledge of the manner in which 
speech and singing are produced. Means having been found of view- 
ing the play of the different parts of the larynx, physicians intent 
upon the advancement of the art of healing, physiologists spurred on 
by the desire of explaining phenomena, singers eager to penetrate the 
secret of the highest achievements in their art, have all devoted them- 
selves to patient researches. The results of a multitude of investiga- 
tions have been published, and in this way science has been greatly 
extended. Dr. ]Iandl, an observer who had already studied in its 
minutest details the structure of the respiratory organs, has given the 
fullest account yet presented of the vocal apparatus in all the phases 
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of its aetivit.y.  At present he is engaged in studying the phenomena 
of voiee iu the larger animals. _As for birds, it is. to b hoped that 
soon we shall understand the organic peculiarities in virtue of which 
they are able to talk or to sing. Doubtless before long we shall dis- 
cover the relations subsisting between life-conditions, physical powers, 
and psychological faculties. 
In all those communities which have attained a high degree of in- 
tellectual culture, the explanation of natural phenomena has ever more 
or less engaged the attention of the best minds. Among the ancients 
we observe a manful effort to discover the seeret of the human organ- 
ization. The origin of speeeh and of song was unquestionably a sub- 
jeet of profound inquiry for them. Galen, the last and the most famous 
of the aneient physicians, wrote a description of the larynx, and this 
description is the work of a master who recognizes the high impor- 
tance of the'work he is engaged in. Sinee the time of the Renaissanee 
anatomists have been studying the minutest details, and physiologists 
experimenting. Thus everything was ready for new discoveries, so 
soon as it should be possible to place before the eye the performanee 
of the instrument used by the singer. It would be dittieult without 
some knowledge of the voeal apparatus, to understand how the sounds 
are produced, and henee we will briefly describe those portions of" the 
respiratory organs in which the voice is formed. 
The trachea, whieh is the passage for air between the mouth and 
the lungs, ascends from the chest to the middle region of the neek; 
it is made up of cartilaginous rings. _At its lower extremity it branehes 
out into two tubes, which are divided and subdivided into numerous 
ramifications : these are the bronchi, which terminate in the lung-cells. 
At the upper extremity of the traehea is the larynx, appearing like 
an angular box, and crowning the traehea like the eapital on a column. 
Cartilages connected by ligaments give eonsiderable strength to the 
walls of the larynx. Internally these walls have a lining of mucous 
membrane , which forms folds known as the vocal cords, or better, 
lips. Under the action of speeial museles these folds separate from 
one another, are elongated or shortened, or beeome tense, and henee 
the differenees of sound. The eartila.ges are four in number: two on 
the anterior surfaee of the box and two on the sides. In advaneed 
age these cartilaginous plates ossify; the suppleness of the larynx is 
then greatly diminished, and the voiee loses the power of modulation 
which it possessed in the period of youth. One of the cartilages, 
whieh has the form of a ring, is mueh higher behind than in front. 
This ring, being firmly fixed upon the first ring of the trachea, serves 
to support the various parts whieh eonstitute the larynx. The largest 
of these parts shields, as it were, the front of the vocal apparatus: it 
eonsists of a plate of cartilage bent into a V-shape, vith the point of 
t ,, Trait6 du Larynx et du Pharynx," 187"2 ; "Hygiene de la Voix parlde et chante," 
1876. 
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A person who is deaf from birth is also absolutely dumb, until he 
is trained to the use of speech ; he utters no cry. His lips and tongue 
are motionless; his mouth remains shut, his larynx is in a state of 
unbroken repose ; he breathes only through the nostrils. When first 
the effort is made to have him pronounce a letter written on the black- 
board, it appears to be simply impossible Ibr him to produce any 
sound. The instructor shows the young mute how to open the mouth, 
and how to hold the tongue and the lips. He places the child's hand 
upon his own larynx, so that it may feel the movement necessary to 
be performed. In the beginning, the simple expulsion of the breath 
is difficult, but, after repeated exercise, there is. a sort of stifled articu- 
lation ; later, with some difficulty, a clear sound is obtained. In this 
way the deaf-mute learns to pronounce all the vowels and consonants. 
It needs but a short time to acquire the pronunciation of the labials. 
Longer practice is needed in order to learn the play of the tongue, 
and the proper mode of emitting the breath in articulating those con- 
sonants which call tbr only a slight intervention of the lips. ttaving 
learned the alphabet, the mute begins to pronounce syllables and 
phrases written on the blackboard. Finally, he speaks, and is under- 
stood. He writes from dictation, with his eyes fixed upon the per- 
son who addresses him questions, and makes his answers confidently. 

OUR CO[ZION IOULDS. 

BYRON D. HALSTEAD 

HE following remarks are from personal observations which have 
been made fi'om time to time as circumstances would permit. 
For convenience, the term mould will be extended beyond its narrow 
technical meaning, and include all those forms of vegetable life which 
are usually designated by that name. /qo lengthy argument is needed 
to prove that mould is of common occurrence. It is a fact well known 
to every person, from the wholesale provision-dealer down to the 
hungry child who eats his crust upon the street. . 
Where these plants do not grow it is difficult to say ; but to point 
out the favorable conditions for their growth and some of the forms 
which they there assume is an easier task, and to this part of the sub- 
ject the reader's attention is invited. 
Ioulds belong to that peculiar parasitic group of plans called 
.Fngi, the members of which never have anything like green leaves, 
the workshops of higher plants., and are the'efore unable to build up 
their tissue from unorganized matter. They must feed upon that 
which is already organized either animal or vegetable, living or dead, 
as the species will decide. 
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One of the most essential conditions for the development of these 
minute fungi is the presence of a good degree of moisture. So well 
known is this, that to many minds moisture and mould bear to each 
other nothing less than the relation of cause and effect. A warm at- 
mosphere is also required. In winter the housewife exercises fewer 
l)recautions to keep these intruders from her viands than during the 
warm summer weather. Besides organic matter, moisture, and 
warmth, a free access of oxygen must be added as an essential condi- 
tion for the perfect development of moulds. 
When the season comes and the soil is ready, the farmer knows 
he must sow the seed, or he cannot hope to reap a harvest. So it is 
with the moulds: to the conditions for growth there must be added 
the germs of life, or no mould will be produced. How this sowing is 
accomplished will be better seen after some of the species are con- 
sidered more in detail. 
Our common bread is a substance which offers special inducements 
for the growth of various moulds, and, in order to study them, a slice 
was taken and placed on a zinc rack on a dinner-plate and covered 
with a glass bell-jar lined with filtering-paper which dipped into 
some water in the bottom of the plate, producing thus a moist atmos- 
phere by the evaporation fi'om its extensive surface. This culture 

.o 
FIG. 1.--bIO'LD CULTURE. 

(Fig. 1), placed in a warm room, secured all the important conditions 
for the production of a crop of mould. On the bread thus situated a 
mould made its appearance in about thirty-six hours, and proved to 
be one of the most common of the bread-moulds (.Icor stolonifer), 
shown in Fig. 2. When first noticeable, the surface of the bread is 
covered with a cobweb-like mass of fine white threads, called myce- 
iurn, which run in all directions through the tissue of the bread, and 
perform the work of absorbing nourishment. Soon other and larger 
threads begin to rise into the air, their tips enlarge, the protoplasmic 
contents of the threads passing up into the ends, which finally assume 
a spherical shape. At first these large round heads are of a white 
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pound top assumes a very regular, semicircular outline, as shown in 
Fig. 4, a, where the filaments are represented by single lines; the 
whole of the branch b is a more highly-magnified view of a dark tip 
at the end of one of the branches in a ; and at c is shown, on a still 
higher scale, one of the ultimate branches in b, with the spores ar- 
ranged in rows of four around the enlarged end; while d is one of 
those tips after the spores have fallen away. 
The reader will please bear in mind that this figure, and all the 
others, with the single exception of the first one, represent the object 
as greatly enlarged--the microscope used for most of the work mag- 
nifying 650 diameters. An entire plant of the one in question (t)ipto - 
cephalis .Freseeniana)is scarcely visible to the naked eye when pre- 
pared on a glass slide for investigation with the microscope. 

FIO. 4.--PIPTOCEPHALIS FRESNANA. I)e Bary. 

That which makes this mould of particular interest is the fact that 
it is a parasite, and cannot live unless it has some other mould upon 
which to grow. This easily explains why it does not make its appear- 
ance until the .3Iucor is well established. Here we have a true parasite 
growing on a saprophyte ; or one mould which steals its substance from 
another which derives its living from the bread. We will not stop to 
reason upon the matter, or wonder how this strange state of things 
came about, but will leave the fact as it exists to those who would 
know the cause of all things both great and small. 
There were two or three other members of the J]lucor genus which 
grew on various cultures, but, as they differ only in minor points of 
structure from the one treated, space will not permit of their being 
further mentioned. 
The bones of a recently-killed dog proved to be very well adapted 
for the growth of the largest-known species of mould. Those who 
have a passion for scientific names may call it t)hycomyces nitens. It 
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is one of the few moulds which grow on oil or oily substances, and is so 
filthy in its habits as to flourish in the sewers and cesspools of cities. 
It is so much like Fig. 2 in structure and manner of fruiting, though 
many times larger, that it must pass without an illustration. 
The pulp of oranges is an especially favorable diet for some of the 
most delicate moulds. A culture made of it will show decided signs 
of mouldiness in twenty-four hours, and after thirty-six hours of growth 
there is a fine crop for study. Those which we have seen on the bread 
are invariably the first to appear here, though followed in a short time 
by others, one of the. most conunon of which is given in Fig. 5. At 
the base a are some mycelial threads which penetrate the tissue of 
the pulp, and from them, as they come to the surface, arise the ti-uit- 
stalks which branch near the top into a loose head with the spore cap- 
sules borne on the ends of the branches. At c is one of the 5oragia 
more highly magnified, showing the spores to be larger and few in 
number as compared with the 2Iucor. This species is a member of 
the same family with those already mentioned, and has its similar zy- 
gaspores. 

Fro. 5. Fro. 6. 

Corn-starch pudding, when placed in a bell-jar, remained unchanged 
until the fourth week, when its surface became coated with a peculiar 
yellow-colored substance, and a day or so after black specks began to 
appear. When viewed with the microscope, this mould exhibited the 
structure seen in Fig. 6. There arises from the unbranched and im- 
bedded filaments a very much swollen end (a and b) filled with proto- 
plasm, yellow globules of oil, and crystals (d). _As this end increases in 
size, a contraction takes place near the upper end, and soon a distinct 
spore capsule is formed of the end thus separated. When'the plant is 
ripe a black elastic coat covers the spore-case, which slips partly off 
when the spores are discharged from below. There are several spe- 
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With the spores of this mould repeated sowings have been made, 
with gratifying results. Vhen a slice of fresh bread was placed in 
the bell-jar and certain marked places were sprinkled with spores by 
means of a pair of forceps, in the course of twenty-six hours those spots 
sown were covered with the young mould, while all other places were 
entirely free from it. In one case a fresh slice of bread was wrapped in 
a piece of paper, with the exception of a star-shaped figure cut from the 
paper, which came in the middle of the slice. Over the whole a slice 
of mouldy bread was shaken so gently that no spores were seen to 
fall ; the paper was then carefully removed, and the bread placed under 
the bell-jar. _fter the usual time a fine star of blue mould made its 
appearance, soon spreading over the whole of the bread. One could 
as easily write his name in mould on bread as with clover-seed upon 
the soil, though it would not be as enduring an inscription. 
It seems difficult for some people to see how the spores of these 
various moulds can exist almost everywhere, ready to grow when the 
first oppotunity offers itself. With the hope of making this matter 
appear clearer, the following calculations have been carefully made: 
The blue mould (Penicillium crustaceum) is very favorable for the esti- 
mation of the number of spores produccd as the heads are quite open 
and the spores are naked and distinct. 

 IG. 8.--TRICOTHECIUM ROSEUM. Ft. 

A piece of decaying apple wSs selected, because the mould can be 
removed from that portion covered with the smooth skin without be. 
ing mixed with foreign matter. When the mould was still young and 
no spores had fallen away, it was viewed with the high power of the 
microscope. There were usually twenty filaments to each head, and 
twenty spores on a filament or 4,000 spores to a head or single stalk. 
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For the last place in this brief enumeration we have reserved one 
of the most common of household moulds. It is the prince of moulds, 
and claims relationship with the most perfect and beautitul of fungi. 
In diet it is something of an epicure and may well be called the cake 
and preserve mould and on those substances the best results are al- 
ways obtained when used for its culture. Though preferring its cake 
and preserves, it was induced to grow on a tempting dish of stewed 
prunes, which afterward furnished the substance ibr its culture. 
To the naked eye this mould at first appears as white patches; soon 
stalks rise from the surface, and on the end of each a small spherical 
head is borne, which increases in size and turns to a bluish c-olor so 
that when this mould is ripe the surface of the nourishing substance 
does not differ greatly in color from the .Penicillium on the bread, 
though this mould is much taller and more inclined to grow in tufts. 
Under the microscope the ti l) of a very young filament which is to 
form a head of spores is seen to be perfectly smooth and similar to 
those in the .Mucor, but very soon small peg-like projections begin to 
grow rom its surface which increase in size and finally divide, forming 
radiating rows of spores. 

FIG. I.--EUROTUM 8PERGILLUS GLAUCUS. I)e Bary. 

FIG. 13. 

Various stages in the development of the asexual fruiting of this 
mould are shown in Fig. 12, a, a, with a view of an imaginary cross- 
section through one of these heads highly magnified in b giving the 
method of attachment of the spore-threads. 
Shortly after the heads have formed, the sexual fruit begins to de- 
velop on the mycelium at the base of the fruit-stalks. The method is 
more complicated than in any of the moulds already given and places 
this plant among the most highly developed of fungi. The process 
begins with the coiling of the end of a thread in a corkscrew manner 
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as seen in c and d (Fig. 13). The coils grow closer together as the 
filament increases in size, until a hollow cylinder is tbrmed. From 
the same threads below the base of the coil one or more processes 
grow out which are the male organs, and, where one of these threads 
reaches the tip of the female coiled filanent, that organ is fertilized. 
From this time on, this body'undergoes various and complicated 
changes, which finally result in a bright-yellow spherical body (Fig. 
13,f), which consists of a thin wall inclosing a large number of sacs, 
g, each of which contains eight spores. 
To find all these various stages of development is a matter of some 
time and patience; but nothing is more satisfactory in the study of 
noulds than to trace all these steps, from the first bending of the fila- 
ment to the perfect sphere with its multitude of spores. 
For a long time these two forms of fruit in the .Aspergillus were 
considered as belonging to distinct and widely-separated species, but, 
when the microscope shows that they are produced fl'om the same my- 
celium, it is time to conclude that they are but two methods of continu- 
ing the same species. 
Space forbids further details concerning our common moulds; but 
it is hoped enough has been said to show that among them the spe- 
cies are distinct. The tiny forests which the microscope reveals are 
made up of forms as decided as those which compose our woodlands 
and groves. In closing, the reader expects an answer to the question 
which very naturally arises, viz., "Vhat good do they do ? " Though 
often of great annoyance in domestic and other affairs, yet all in all it 
is safe to say the good they accomplish far overbalances the harm. 
They are scavengers which do in their own inobtrusive way a vast 
amount of sanitary work. Though small in themselves, they are great 
reducing agents, striving to bring about that equilibrium so necessary 
to perfect harmony in the organic world. They hasten decay, tear 
down the accunmlating rubbish around us, and allow the elements ths 
liberated to pass again into the cycle of ceaseless activity and growth. 
To the thoughtful mind moulds do not simply excite wonder or dis- 
gust, but teach a deeper lesson of adaptation and service, of little 
things, in the perfect and economical scheme of creation. 

WHAT ARE SPECIES? 

By PROV. T. H. IIUXLEY. 

N its most general acceptation the word "species " signifies a kind 
or sort of something, which something is the genus to which the 
species belongs. Thus, a black stone is a species of the genus stone; 
a gray horse is a species of the genus horse ; a scalene triangle is  
species of the genus triangle; and, generally, it may be said that 
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every adjccti,e denotes a species of the genus indicated by the sub- 
stantive to which it is applied. 
In the technology of the physical sciences the term "species" has 
a more restricted signification. It is used to denote a group of indi- 
viduals which corresponds with an early stage of that process'of ab- 
straction by which the qualities of individual objects are arranged in 
the subordinated categories of classification. 
The individual object alone exists in :Nature; but when individual 
objects are compared it is found that many agree in all those charac- 
ters which, for the particular purpose of the classifier, are regarded 
as important while they differ only in those which are unimportant; 
and those which thus agree constitute a species the definition 
which is a statement of the common characters of the individuals 
which compose the species. 
Again when the species thus .established are compared, certain of 
them are found to agree with one another and to differ from all the 
rest in some one or more peculiarities. They thus form a group, 
which, logically, is merely a species of higher order, while technically 
it is termed a "genus." _And by a continuation of the same process 
genera are grouped into families families into orders, and so 
Each of the groups thus named is in the logical sense a genus, ofwhich 
the next lower groups constitute the species. 
The characters on which species .are based necessarily depend upon 
the nature of the bodies classified. Thus, mineral species are founded 
upon purely morphological characters; that is to say they are defined 
by peculiarities either of form color and the lik% or of structure which 
last term may be used to include both the physical and the chemical 
characteristics of a mineral. The distinction between a species and a 
variety is wholly arbitrary except .so far as it is commonly agreed that 
individuals which differ from others only as terms ot'a gradual series 
of modifications belong to the same species and are to be considered 
merely as varieties of that species. 
It is conceivable that animals and plants should have been known 
to us oly by their remains preserved in museums or in the fossil state. 
If this had been the case biological like mineralogical species, could 
have been defined only by morphological characters ; that is to say 
by the peculiarities of their outward form and inward structure ; and 
as a matter of fact this is the state of our knowledge in respect of a 
large proportion of the existing fauna and flora of the world and of 
all extinct animals and plants. 
A botanist or a conchologist who sets to work to arrange a newly- 
received collection sorts his plants or his shells out according to their 
likenesse and unlikenesses of form and structure until he has arranged 
them into groups of individuals which agree in certain constant char- 
acters and differ only by insignificant features or by such peculiarities 
as vary in different individuals in such a manner that an insensible 
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gradation can be traced between those forms which have the pecu- 
liarity strongly marked and those in which it is absent. 
Thus far the considerations which guide the biologist in the estab- 
lishment of species differ in no respect from those which influence the 
mineralogist. 
But although naturalists have no more direct knowledge of any but 
the morphological character of the great majority of the species of 
animals and plants than they would have of so many mineral speci- 
mens, they are familiar with many animals and plants in the living 
state when they exhibit phenomena to which the mineral world pre- 
sents no parallel, and the study of these phenomena of active life has 
complicated the conception of species in biology, by adding physio- 
logical to morphological considerations. 
The fact that living beings originate by generation fi'om other 
living being.s is one of the circumstances in their history which most 
completely differentiates them from minerals. This process of gener- 
ation enters in various ways into the conception of bi(logical species. 
For example, it is a generally assumed axiom in biology that 
whatever proceeds from a living being by way of generation is of 
the same species as that from which it proceeds, whether the morpho- 
logical differences between parent and offspring be great or small. 
The two sexes are often extraordinarily different, and in cases of the 
so-called alternation of generation the successive zoSids may differ 
very widely; but, inasmuch as the differing forms in these cases pro- 
ceed from the same parents, no one doubts that they belong to the same 
species. The breeds of domesticated animals and plants often differ 
morphologically as widely as admitted species, but, apart from other 
considerations, historical evidence that they have the same parentage 
suffices to cause them to be regarded as of one species. It is not 
quite clear that the converse of the axiom which has just been re- 
ferred to would be admitted and that living beings which arise from 
totally distinct parents are of different species, even though morpho- 
logically identical. The wellnigh exploded hypothesis of the multi- 
plicity of centres of origin for species of wide distribution implies the 
belief that groups, of individuals which have proceeded from distinct- 
ly-created parents may, nevertheless, be of the same species, while 
the supporters of the no less nearly extinct hypothesis of the inde- 
pendent creation of the fauna and flora of successive formations used 
to affirm that, although indistinguishable, two forms fi'om separate 
formations must be of distinct species, because they had been created 
separately. However, these subtilties have ceased to have any prac- 
tical importance. 
In the next place it is observed that, while individuals of the same 
morphological species breed freely with one another and give rise to 
perfectly fertile offspring, the unions of individuals of different mor- 
phological species are, as a rule, either unfertile or imperfectly fertile. 
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light the tenuity of the distinction between species and varieties. 
The fact of enbryology, the occurrence of rudimentary orguns, and 
the fundamental unity of structure which obtains in vast groups, 
such as the vertebrata and arthropoda, all tended to suggest the ex- 
istence of a genetic connection between species, so that Lamarck was 
finally led to renounce the doctrine of the fixity of species, and to 
define a species as "a collection of individuals which resemble each 
other and produce their like by generation, so long as the surrounding 
couditions do not alter to such an extent as to cause their habits, 
characters, and forms, to vary." 
According to this definition the distinction between species and 
variety once more becomes conventional. _A_ variety is, in ihct, a nas- 
cent species; and the notion of the creation of species vanishes, ins- 
much as every species is the result of the modification of a predec.es- 
sor. Lamarck's views of the nature of geological changes were in 
harmony with his biological speculations, and wholesale catastrophic 
revolutions were as conpletely excluded f'om the one as from the 
other. 
It is impossible to read the "Discours sur les ]{volutions " of 
Cuvier, and the ' Principes" of Lamarck, without being struck with 
the superiority of the former in sobriety of thought, precision of 
statement, and coolness of judgment. _And it is no less impossible to 
consider the present state of biological science without being im- 
pressed by the circumstance that it is the conception of Lamarck 
which has triumphed, and that of Cuvier which has been utterly van- 
quished. 
Catastrophic geology has vanished out of sight, and is everywhere 
replaced by the conception of slow and gradual change. With it has 
disappeared the once prevalent notion that the whole living popula- 
tion of the earth has been swept away and replaced in successive 
epochs. On the contrary, it is now well established that the changes 
which have taken place in that population have been effected by the 
slow and gradual substitution of species for species. 
Ioreover, it is well established that in sone cases the succession 
of forms in time is the same as that which should have occurred if 
the hypothesis of evolution is correct. 
The rapid advance of comparative anatomy has diminished or re- 
moved the wide intervals which formerly appeared to separate the 
different divisions of the animal and vegetable kingdoms from one 
another. Even the hiatus between the vertebrata and the inverte- 
brata is bridged over by recent discovery. The establishment of the 
cell-theory, lowever much the views originally propounded by 
Schwann have been modified, leaves no doubt that there is a funda- 
mental similarity in minute structure, not only between all animals, 
but between them and plants, while the discoveries of embryologists 
have proved that even the most complex forms of living beings do in 
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Besides the localities enumerated, malaria is apt to be induced or 
intensified in a region wholly or comparatively exempt from it be- 
fore, during the disturbance of large extents of soil, as in the construc- 
tion of canals, roads, railways, fortifications, and dikes, rooting out 
of timber, preparation of virgin land for cultivation, etc. Vegetable 
organisms previously hidden and protected underground are thus 
brought to the Slll'face and exposed to the agencies of putrefaction. 
Laborers engaged in such works and the neighboring inhabitants soon 
suffer. The "polders" of Holland, those parts reclaimed from the 
sea by the erection of dikes, are of this character, and the workmen 
engaged on them are attacked with malarial troubles of great severity. 
In this country such instances are common. We have an example at 
our very doors in the increase of malarial fevers which accompanied 
the opening of the new boulevards, and the engineering excavations 
of the Harlem Railroad. After such works have been completed, 
however, it is not unusual for the vicinity to be restored to health- 
fulness. 
It must be acknowledged that occasionally miasmatic fevers ap- 
pear and disappear without there having occurred any perceptible 
changes in the relations of the soil. Such circumstances were re- 
ported to the Pennsylvania State Medical Society as having been 
noticed in 1856 along the Juniata River. Reports to the Connecticut 
State Medical Society also mention the appearance of miasmatic 
disorders without any recognized cause in portions of the State pre- 
viously exempt from them. 
There would appear to be some connection between such phe- 
nomena and the fluctuating level of the subsoil-water as affected either 
by rainfalls or subterranean forces. According to Jilek's figures, in 
t)ola, a noted malarious district of Istria, between 1863 and 1868 the 
number of persons attacked by fever varied from fourteen to fifty- 
one in every one hundred inhabitants, in exact proportion as the 
rainfall had varied from one to eighteen inches. 
We know that the level of the ground-water is constantly changiug. 
It. rises and falls more or less rapidly, and at different rates in differ- 
ent placesin some only a few inches either way annually, but in 
many places several feet. In Munich, its limit was found by I'etteno 
kofer to be about ten feet In India, the changes are greater. At 
Saugor, in Central India, the extremes are between a few inches from 
the surface during the rains, to seventeen feet in May. At Jubbulpore 
it varies from two to fifteen feet from the surface. The causes of such 
changes are rainfalls, pressure of water from seas or rivers, and ob 
struction of outflow. The pressure of the Rhine has been observed 
to affect the water in a well 1,670 feet distant from the river. An 
impeded outflow which raises the level of the ground-water has been 
productive of an immense spread of paroxysmal fevers. Demster, 
Taylor, and Ferguson, have reported such to have been the case in 
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of entire security is not positively determined, but it has been 
approximated as follows: in Italy, 400 to 500 feet; in California, 
1,000 feet ; along the Appalachian chain of the United States, 3,000 
feet; in the Vest Indies, 1,400 to 1,800 feet ; in India, 2,000 feet. In 
any of such regions, however, malaria may drift up ravines to an 
indefinite height. The agency of winds in transporting malaria for 
considerable distances cannot be questioned. Lancisi, author of the 
famous work "De Noxiis laludum Efituviis," published in Rome in 
1717, attributes to such influence the fact of the Roman Campagna 
having become unhealthy after the removal of the sacred groves 
exposed it to the currents of wind blowing from the lontine Marshes. 
In later years, Barat accounts in the same manner for an epidemic 
of malarial disease which arose in 1869 on the island of R6union, 
believing the poison to have been transported by the wind from iau- 
ritius, where such affections were then alarmingly prevalent. In this 
instance none of the ordinary local causes could account for the out- 
break. In four months, over 4,000 cases occurred in a popula- 
tion of 23,000..Salvagnoli and other observers affirm that malarial 
diseases increase in intensity, and penetrate farther inland on the 
island of Sicily and in South Italy during the sirocco laden with 
African miasm. 
With regard to the question, "Can drinking-water act as a vehicle 
for the introduction of malaria into the animal system 9. ,, a priori it 
seems reasonable to suppose that such may be the case. If malaria, 
be it a gaseous substance or an accumulation of minute organisms, 
cannot pollute water, it differs essentially from other materials of 
similar form with which we are better acquainted. But, in fact, we 
have positive proof that malarial fevers may be due to drinking im- 
pure water. Mr. Bettington, of the Iadras Civil Service, states that 
in that country it is notorious that the water may produce miasmatic 
fever and affections of the spleen. He mentions villages placed under 
similar conditions as to marsh-air, in some of which fevers arc preva- 
lent and in others not--the difference resulting from the former drink- 
ing marsh-water and the latter pure water. In one village there were 
two sources of supplya tank fed by surface and marsh water, and a 
pure spring; only those who used the tank-water contracted fever. 
The celebrated instance related by Boudin is still more conclusive on 
this point. In 188 there returned to Marseilles from Bona in the ship 
_Argo 120 soldiers, of whom 108 were seized with various forms of ma- 
larial fever after drinking marsh-water taken on board at Bona. On 
the other hand, the sailors of the same vessel, who had pure water, and 
780 men embarked on two other vessels, remained well. The few sol- 
diers on the Argo not attacked had purchased their drinking-water 
from the sailors. Against such positive evidence as this the state- 
ment of Finke that in Hungary and Holland marsh-water is drunk with- 
out injury is of little value. 
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:Now, a number of carehfl investigations have been made of the 
constituents of miasmatic marshes in various parts of the world with 
the following results: They contain from thirty to thirty-five per 
cent. of vegetable organic matter. This consists of humic ulmi% 
cremic, and apocremic acids all substances requiring renewed chemical 
investigation. Various minute vegetable algoid forms are revealed 
by microscopic examination--bacteri% vibriones and microzymes But 
all these so-called imourities are found in nearly every running stream 
and in many harmless well-waters, and to condemn water on account 
of their presence would be really to reject all waters, even rain in 
which minute algoid vesicles (protococci) are often found. Even 
distilled water may contain bacteria and vibriones. _Although, there- 
fore admitting that water may be contaminated by the presence of 
malaria, it by no means follows that this poisonous ingredient has any 
relation to the organic impurities mentioned or that the latter are in 
any way injurious, but we should none the less be cautious as to the 
source of our drinking-water. 
The stratum of air overlying typical malarial marshes has also 
been examined with particular care. It has been found to contain an 
excess of carbonic acid--watery vapor in large quantity--often car- 
buretted hydrogen and occasionally free hydrogen ammonia, and 
phosphuretted hydrogen. If the marsh contains sulphates sulphu- 
retted hydrogen is present. Its organic matter blackens sulphuric 
acid--gives a reddish color to nitrate of silver--has a flocculent 
appearance, a peculiar odor, and affords evidence of ammonia. The 
amount in Becchi's analysis was .000118 grain in each cubic foot 
of air. Ozone had no effect upon it. Besides this organic material 
various vegetable and animal matters are arrested when the marsh-air 
is drawn through water or sulphuric acid--d$b.ris of plants infusoria 
insects and even small crustacea. Dr. Balestra has described spores 
and sporangia of a little algoid plant in the air of the lontine 5Iarshes. 
Lemaie and Gratiolet in 1864 found in the air of one of the most 
unhealthy marshes of Sologne spherical, ovoid, and fusiform spores and 
a large number of pale cells, products, no doubt, of vegetable putrefac- 
tion. It has been supposed by SchSnbein and others that ozone is 
deficient in marsh-air ; that the quantity of ozone in the atmosphere 
and the prevalence of malarial diseases have an inverse proportion; 
and that ozon% by virtue of its supposed power of destroying organic 
matters in the air is an antidote to miasm. There is however no 
evidence at all that ozone and malaria are antagonistic, or bear to 
each other any relation whatever. These various examinations, though 
interesting bring us no nearer to a solution of the question, W]at is 
the nature of malaria ? All of the many substances and forms thus 
far observed in malarial localities may be found equally in districts 
perfectly salubrious. 
That it gains access to the system principally through the respira- 
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tory organs is quite certain. What we really do know of it has refer- 
ence more particularly to its mode of action. It is most dangerous 
when the sun is down, and it seems almost inert during the day. It 
appears providential that the same agency which is so potent in its 
production should be the principal instrument of its destruction. It 
loves the ground, where in many regions it is so concentrated and 
deadly as to destroy the incautious sleeper on the earth almost as 
quickly as the most noxious gas. Hence it is generally regarded as 
having a specific gravity heavier than that of air, but this is by no 
means certain. It is doubtless renlered heavy by combining with 
night-fogs and dews, but upon their being dissipated by the sun it 
rises into the air and probably becomes innocuous by wide diffusion 
and dilution. It is intercepted by impediments, such as walls and 
groves of leafy trees, which obstruct the winds that bear it. 1)erhaps 
the latter also neutralize it by absorption. I is likewise neutralized 
and probably absorbed in passing over a considerable body of water 
--especially salt-water. The distance necessary to effect this result 
naturally varies with circumstances--ibrce of winds, concentration, 
intensity, and abundance of the poison itself. According to Blan% in 
the channel between Beveland and Walcheren, 3,000 feet of water 
rendered it inert. In China, three-quarters of a mile, and in the West 
Indies, one mile, have been required to be effectual. 
Recognizing the facts mentioned, the precautions to be observed 
against malaria are quite obvious. In built-up cities we are protected 
by pavements and sewers to a great extent, and probably also by the 
character of the atmosphere, which is artificially warmed by radiation 
at night, and impregnated with gases which, though injurious in other 
ways, are antagonistic to malarial emanations. But in malarial sub- 
urban and country districts it is otherwise. There certain precautions 
are necessary. If possible, elevation of a dwelling-place, at least 500 
feet above the source of the miasm, is to be recommended in temperate 
climates, and from 1,500 to 2,000 feet in the tropics. If this be not 
practicable, thorough subsoil drainage, filling up of low and moist 
grounds, covering the earth with closely-cut herbage, belts of um- 
brageous trees interposed between the dwelling and the point of dan- 
ger, but at a sufficient distance to permit free ventilation, and the 
access of sunlight ; doors and windows opening principally away from 
the malarial quarter; the house, if possible, to be raised on pillars or 
arches a few feet above the ground, otherwise a sub-cellar thoroughly 
cemented--all these are measures of primary importance. The sleep- 
ing-apartments should not be below the second story, and should bo 
provided with open fireplaces in which on damp or chilly nights a 
little fire may be kindled. Exposure to the open air after sunset, or 
until several hours after sunrise, should be avoided. As whatever 
tends to lower the vital powers predisposes the individual to malarial 
invasion, personal hygiene is indispensable: It should of oourse be 
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it may appear to sight, a compound of two or more elements ?" ]-Ie 
takes various specimens of quartz, some perhaps from the granite, others 
from some other rocks, and subjects them to the analytical processes 
of the laboratory: the result is, that he finds all quartz, no matter 
what its color may be, whether white or pink or black or pure and 
colorless as glass, to be a compound of the metalloid silicon and the 
gas oxygen; in other words, that it is an oxide of silicon, to which 
he assigns the name silica. By a series of analyses he is able to cor- 
relate the quartz of the granite with all other forms and they are 
many in which this mineral occurs. The flint of the chalk the white 

FIG. L--SEcTION OF GRANITE FROM CORNWALL (POLARIZED), MAGNIFIED 26 DIAMETERS. 

veins so often met with in the older slaty rocks, the agates picked up 
on the sea-shore and elsewhere, the beautiful crystals known as cairn- 
gorms, amethysts, and others, are all found to be but varying forms 
of the same substance, colored sometimes by adventitious matter, as 
iron, etc. ; and he finds, too, that the exquisite skeletons of some of 
the sponges, the delicate valves of the .Diatomacee and other minute 
specimens of organic life, consist of this very same silica, which is 
indeed one of the most important compounds entering into the struct- 
ure of the earth's crust. Suppose the student next picks out one of 
the feldspar-crystals : this on analysis will be, as was the quartz, found 
to be also a combination; in it he will also find silica, but the silica 
in this instance is found to be combined with the metals aluminium 
and potassium--in fact, is a double silicate of alumina and potash. 
There are many varieties of feldspar: some of them differ from that 
most common in granite, which is called plagioclase, in containing 
lime or soda instead of potash ; these are also distinguished from the 
orthoclastic series by their crystalline structure, which will afford, as 
we shall sea, a ready method for their recognition, when they are 



feldspar, somewhat opaque'and cloudy as they usually are in granite, 
but now and then clear and beautifully striped, and also the crystals 
of mica, imbedded in the clear quartz, which will be at once known 
by iis bright clear colors and by the margin of rainbow-like tints 
which border its patches. Ordinary orthoclase feldspar is usually some- 
what opaque and dirty-looking under the microscope, and by this it 
may be distinguished from the clear, glassy sanidine which is fre- 
quently found in igneous rocks, and presents under the microscope, 
when polarized, pure rich colors as well as sharply-defined crystals 
similar in form to those of the common orthoclase. The orthoclastic 
feldspars may be very readily distinguished from the plagioclastic by 
their structure, as revealed by the polariscope; the latter invariably 
are seen to be striped with variously-colored bands, showing what is 
called twin crystallization ; and the orthoclase, though often forming 
twins on a larger scale, does not present the minutely-banded appear- 
Fro. 4.MWA (BmzTE). 

ance of the plagioclastic feldspars. The mica in the granite section 
will not be difficult to recognize, especially if Biotite ; often we shall 
observe it as forming fairly-shaped hexagonal crystals, nnd the polar- 
iscope will also help us to know it by its thinly-laminated structure, 
giving rise to fine parallel strie on the surface of its crystals. Its 
colors, also, when polarized will be duller than those of the quartz, 
for which it might sometimes be mistalen at first sight, should t be a 
light-colored mica; and then, again, it will frequently be found that 
when the prisms of the polariscope are erossed the mica becomes per- 
fectly opaque, its sections having been formed across the optical axis. 
]ut let us now look at the quartz. We shall observe h.t this quartz 
is generally not crystallized in definite forms, as are he feldspar and 
the mica ; it appears as a matrix hich has been at some time or other 
soft and so is penetrated by the other crystals, the interspaces of 
which it fills up : this shows us at once that it must have been solidi- 
fied after them, and so was unable to assume its regular forms. This 
is a very remarkable fact, and helps us toward the secret of the forma- 
tion of the granite. We know that quartz requires a higher tmpera- 
ture to melt it than does either the feldspar or the mica, and s% had 
the granite been formed as are regular volcanic rocks in the ordinary 
way of igneous fusion, we should certainly have.found that the quartz 
would have crystallized before either the feldspar or the mica, and it 
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would have been seen in definite crystalline form, and its crystals 
would have interfered with and penetrated those of the other mineral 
constituents of the rock. Again, if we look carefully at the quartz 
with a moderately high power, we shall see in it certain small cavities 
and some of these will be seen to contain a certain amount of liquid, 
and also an air-bubble, which will move as the specimen is moved. 
This liquid has been proved to be water, and from the fact of its not 
entirely filling the cavity we learn that a reduction of temperature 
has taken place since the water was first caught up by the quartz, 
causing the contents of the cavities to contract. Sometimes we shall 
find other cavities, which, instead of containing water, contain small 
crystals, or even air only. :Now, from all these facts it appears tol- 
erably certain that the granite was formed under pectfliar circum- 
stances ; it has never been such a purely molten rock as is the lava 
of a volcano, which is poured out from its crater to the light of day. 
Ve gather that it was rather formed at great depths in the earth 
where it may have been partially melted, partially subjected to the 
action both of water and of steam, charged with various mineral sub- " 
stances, and subjected to enormous pressure. What the original con- 
dition of granite was we cannot tell; some have gone so far as to 
think that it may have been that of a sedimentary rock, which has 
been metamorphosed by the forces just alluded to. But, vhatever 
the primary state of granite may have been, its present condition 
shows it to belong undoubtedly to the igneous class of rocks, but to 
have been formed under conditions differing from those which have 
given rise to lavas reaching the surface. As far as can be gathered, 
the granite rocks, as such, have never seen the light of day until ex- 
posed by denudation, etc. ; their origin was deep in the central por- 
tions of ancient volcanoes, where, by partial melting and slow cooling, 
under intense pressure, and in the presence of some water, the va- 
rious minerals came together and crystallized into granite.--Science- 
Gossip. 

THE APOTHEOSIS OF STEAL 

Bv JOHN S. HITTELL. 

I6 a newspaper notice of a lute book the critic complains that it is 
an apotheosis of steam," an offense which he does not explain, 
but he conveys the inference that the book mentioned attributes to 
steam and to its age too much influence and importance in human 
life. tie raises the question whether steam deserves apotheosis, and I 
answer affirmatively undertaking to prove that, with its associate 
forces, it has conferred upon mankind benefits of vast, and, if consid- 
ered absolutely of unparalleled value ; that the period since Watts 
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machine came into use deserves to rank as the leading era in history ; 
and that it demands from us more study than either of the preceding 
ages of the press, iron, bronze, or stone, though they lasted much 
longer and have heretofore occupied much greater prominence in his- 
torical study. 
)Iodern civilization belongs to the Euraryan--the Teutonic, Latin, 
Celtic, Slavonic and Greek--nationalities which migrated from Asia 
in the remote past to Europe, whence some of them passed over to 
other parts of the world, carrying their culture, their energy, and 
their high capacity for further progress, with them. The Asiatics, the 
Africans, and the aboriginal Americans and Polynesians, have or the 
last four centuries acted a part so subordinate in the great drama of 
human advancement, that they are like the shadows of a picture ; they 
serve mainly as contrasts to bring out the brilliancy of the forms and 
colors in the light. 
The age of steam--the period between 1770 and 1875--has trebled 
the Euraryans who have given us the enlightenment of the present, 
and are the hope of the future. Their number a hundred years ago 
was probably 120,00.0,000; though Gibbon, in the sixty-second note 
to the second chapter of his  Decline and Fall," following Voltaire, 
who was a respectable authority, said that Europe then had 107,000,000 
inhabitants, including twenty-two in Germany, twenty in France, 
twelve in Russia, ten in Italy, eight in Spain and Portugal, eight in 
Great Britain and Ireland, seven in Scandinavia, as many more in 
Turkey and four each in Hungary and the Netherlands. The facilities 
for getting information then were not so good as now, and, though 
Gibbon was very careful in his statements, yet he probably.made a 
mistake in his figures. Kolb, in his "Hand-book of Comparative 
Statistics" (German, and not translated), tells us that France had 
22,500,000 in 1770, Spain nine and one-third in 1768, Germany thirty 
in 1786, and Italy twenty in 1812; and Levi, in his "History of 
British Commerge," credits Great Britain and Ireland with ten in 
1763. After excluding certain nationalities not of Aryan blood in 
Europe, and adding the British and Spanish colonists in America, we 
may estimate the total number of Euraryans in 1770 at 120,000,000. 
The present number is about 360,000,000, including three hundred 
in Europe, and forty-eight in/qorth America. This great increase, 
far from being a necessary or natural result of the lapse of time, 
is entirely unexampled. The Roman Empire had about 120,000,000 
inhabitants, and the same territory after a lapse of eighteen cen- 
turies had no more. Egypt 3,000 years ago, and Peru and Mexico 
before the Spanish conquest, had more inhabitants than now. As a 
general rule, population has been nearly stationary; cntury after 
century has passed, with little difference until we come within the 
magic influence of steam, and then suddenly the Euraryan race, ac- 
quiring the power to draw larger crops from the soil, to distribute 
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them more evenly, thus preventing disease and famine, and to visit new 
and more profitable fields of industry, multiplies so as to keep pace 
with the increased supplies of food and with the demand for labor. 
Education, like civilization, of which it is a large part, belongs 
mainly to the Euraryans. It is the misfortune of the Chinese and 
Japanese that more time is required to learn their hieroglyphical 
writing than to get a liberal education in a Teutonic or Latin tongue. 
The Arabs and IIindoos have alphabets, but they have no eminent 
schools, no rich literature, no great city in which their race has reached 
a leading place in culture. The possession of the alphabet, with the 
books, the schools, the wealth, and the centres of civilization, in the 
temperate zone, where man has the strongest stimulus and the most 
energy for the exercise of his physical and mental faculties, gives to 
Euraryans the mastery of the tbrtunes, and almost a monopoly of the 
interest of earth, lrogress depends not so much on the number of 
those who come within its nominal domain, as of those who are under 
its ull influence and appreciate its value ; that is, the educated people. 
They have increased ninefbld since 1770. In that year not one out 
of a hundred adults in Russia and Turkey, not ten in Catholic Europe, . 
not thirty in lrotcstant Europe, could read. :Now, about eighty-five. 
out of a hundred in the Teutonic, and fifty in the Latin nations, can 
read, or nearly 200,000,000 in all. The gain in education is, however, 
much more than that indicated in the mere increase of those able to 
read. The quality of the learning has improved as much as its quan- 
tity. In the middle of the last century, there were few books worth 
reading in any modern language. A man was not accounted well 
educated unless he were familiar with Latin. So scanty were the lit- 
eratures of French, English and German, that they were considered 
unworthy of the notice of scholars. The student had to read Greek 
and Latin to learn "the humanities." There was no science save dry 
astronomy and mathematics, little history, little philosophy, little 
poetry. The chemistry, geology, and physiology, which form the bulk 
of our positive knowledge, are Iroducts of the steam fige ; and, instead 
of being dry and remote from the business and associations of practi- 
cal life, they come home to us every day, guarding our health, assist- 
ing our industry, and influencing our opinions. _4ncient Egypt, As- 
syria, and IIindostan, and the prehistoric man in Europe, have been 
made known to us by late research, and even our histories of Greece 
and Rome have required rewriting, to adapt them to the advance of 
our knowledge and philosophy. 
A large majority of our most instructive books are the product of 
the last hundred years. Of the works sold in the book-stores or loaned 
by the public libraries, at least ninety-five per cent. are new. :Nearly 
all our prose romance, and most of our poetry, history, and miscellane- 
ous literature, belong to the steam age in origin and spirit. We now 
write ten times as many books, and publish fifty times as many vol- 
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ton from London to Manchester in 1825 now costs one cent. Count- 
ing the macadamized roads, the new and improved wagons, the canals, 
the river and ocean steamboats, the increase in the number, and the 
improvements in the size, pattern, rigging, and speed of sailing-vessels, 
and the railroads, there is no exaggeration in saying that the facilities 
for domestic and foreign c6mmerce have increased one hundred-fold. 
And then the gain in the materials for commerce has been immense. 
Steam-engines furnish a power estimated to be equal to that oi 
300,000,000 working-men, and the saving of labor by other machines 
is probably not less. The production of cloth and the manufacture 
of iron have been revolutionized, and the annual consumption of the 
most useful of metals has increa.ed from 900,000 to 12,000,000 tons. 
The industrial arts generally have made so much progress, that no ex- 
tensive branch of business is now conducted as it was in the middle 
of the last century. Our houses, our tools, our clothing, our food, our 
trades, and our professions, are different in many important points. 
The ihrmers have thrown aside the wooden plough, the sickle, and the 
flail, which were their chief implements in 1750. The wooden nould- 
board was excellent as compared with the barbaric plough which had 
no mouldboard, and did not throw a furrow to one side, but merely 
scratched the ground, making a ridge on each side of the plough-point. 
While oak was the material, the farmer usually hewed or chopped out 
his own board, and fastened it on his plough; but both the shape and 
the adjustment were bad, and the surface, from the nature of the 
material, would never "scour" well in the moist earth. I accord to 
Scotland, on what appears to be a preponderance of evidence, the 
credit of producing the first iron mould-board, though the claim is con- 
tested by the United States, where the nvention was first generally 
appreciated, and perfected by various small improvements. The 
superiority of the iron plough in form, adjustment, and surface, made 
a vast saving in friction ; the furrow was turned over more regularly; 
the weeds were killed more thoroughly; the pulverization was better; 
and the working capacity of the ploughman and the productive ca- 
pacity of the soil were each nearly if not quite doubled; so that now, 
France, with a smaller number of men engaged in the business, yields 
three times as much wheat at an average harvest a.s it did about 1770. 
Since the farmers are the largest class of producers, and the basis of 
national prosperity, and since ploughing is the most important part of 
their labor, the invention of the iron mould-board deserves to be con- 
sidcred one of the greatest contributions to modern civilization, rank- 
ing next to the steam-engine and to movable type, in its influence cn 
the general condition of mankind. 
The sickle was superseded by the cradle, with which the farmer 
could cut four times as much, and that by the reaping-machine, with 
which a man can cut five times as much, as with the cradle. The 
scythe gave way to the mowing-machine, and the flail to the thrash- 
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ing-machine. The steam-plough has not yet been introduced exten- 
sively, but it will doubtless make another revolution. The progress 
made in the drainage of land by pipes, in the drying of fruits and 
vegetables by hot air, and the canning of fruits and meats, all are im- 
portant aids to agricultural industry. The breeds of farm-animals 
have been greatly improved. The Ayrshire, the I)urham, the Jersey, 
and the I)evon, the Cotswold, the Southdown and the Cheviot the 
Chester and the Berkshire, the Clydesdale and the American trotter, 
have been either started, or for the first time introduced into extensive 
use, in the steam age. 
The miner has adopted dynamite and other explosives stronger 
and safer to handle than the charcoal-powder, and can, at the same 
time, hold and strike the small drill, whereas the large drill needed 
for the weaker powder required one man to hold the drill while an- 
other was striking. team not only hoists the ore and pumps the 
water, but sometimes drills the rock. The method of stoping toward 
the shaft has been introduced. More important still is the general 
education of the superintendents in engineering and chemistry. The 
processes of separating gold and silver from the earthy and rocky mat- 
ter which hold them in a state of nature are new in their principal 
features. 
All the prominent mechanical occupations have felt the influences 
of our progressive time, and many have been added to the list. 
zNearly every labor-saving machine has called a new trade into ex- 
istence. The builders of stationary engines, of locomotives and of rail- 
way-cars, the boiler-maker, the steam, the railway, and the gas en- 
gineers, the gas-fitter, and the manufacturer of chemicals, are a few 
out of many. Planing and moulding machines, and circular and band 
saws, wire ropes and iron bridges, "balloon" house-frames, fastened 
together with nails, and without the old style of mortices and tenons, 
and machines to make cut-nails and wood screws, have had much in- 
fluence in mechanical business. ]f steel pens had not come into use 
as a substitute for quills, the supply of which would have been entire- 
ly inadequate to the scribbling demands of the present day, education 
might have felt a check. The steam-press, the turbine-wheel, the 
type-casting machine, lamp-chimneys which secure better light with 
less smoke, kerosene-lamps, cleanly stearine-candles instead of the 
dirty tallow, are all to be credited to the steam age. 
The railroads and the steamboats have covered the land, the 
rivers, and the lakes of Europe and/qorth America with the beneficent 
network of their routes, and have given a new life to commerce. The 
exports of Great Britain in 1770 amounted to $65,000,000, and in 1870 
to $1,220,000,000. In the same period the measurement of the ship- 
ping owned in that country increased from 550,000 to 7,100,000 tons, 
and that of the shipping entered in a year from 890,000 to 18,000,000 
tons. The amount insured rose from $850,000,000 to $6,800,000,000. 
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The greater part of the increase in commerce since 1770 has occurred 
within the last fifteen years, and the annual gain now is greater than 
the total traffic in the middle of the last century and tenfold greater 
than the traffic at any time before the discovery of America. 
The advance in the other nations of Europe generally has not been 
so rapid as in England yet it is remarkable. The exports of FraDce 
rose from $400000000 in 1840, to $700000000 in 1869 ; those of Aus- 
tria from $40000000 in 1842 to $160000000 in 1869; and those of 
Russi from $50000000 in 1851 to $125000000 in 1869. In the 
United States the progress has been more rapid than in England. 
The total aggregate value of the exports and imports (excluding 
the precious metals) of the fifteen leading commercial nations was 
$6000000000 in 1860 and $9500000000 in 1870. These figures are 
astounding, and nothing but figures can give us a correct idea of the 
overwhelming magnitude of the present and the relative insignificance 
of the past. _And if now commerce gains nine. per cent. annually, 
whereas before the steam age it did not increase one per cent. shall 
we not exalt the age of steam, which has brought the improvement ? 
It is to be observed that the forces which have caused the wondrous 
development instead of having reached the culmination of their in- 
fluence, are only beginning to get full swing, and that the new com- 
merce has not yet had time to exert its power. Statesmen and people 
do not yet comprehend the vastness of the commercial interests nor 
have the merchants and capitalists yet learned how to combine to 
prevent the legislative follies of past ages. Commerce is destined to 
be the great bond of peace between nations and they will be com- 
pelled soon to organize a league to administer international justice, 
and to protect the vast interests involved in their trade. They must 
adopt new rules for their new circumstances. The policy which might 
have been beneficial in a national point of view in 1700 would be 
foolish now. "Commerces" as John Stuart 5Iill said "first taught 
nations to see with good-will the wealth and prosperity of one an- 
other. Before the patriot, unless sufficiently advanced in culturo to 
feel the world his country, wished all countries weak and poor and 
ill-governed but his own." Now he understands that the greater 
their wealth and prosperity the greater also will be that of his nation; 
in the same manner as the individual merchant or mechanic thrives 
better with rich than with poor neighbors and customers. But we 
are told that the spirit of our age is bad; it is too naterialistic; it is 
hostile to esthetical and spiritual influences; it exalts money and ma- 
chinery. The meaning of this complaint is that its authors have not 
been properly educated and they find that the world is not in sym- 
pathy with them. They measure it by their ignorance and prejudice 
and conclude that it is wrong. In all ages such lamentations have 
been heard about the progress of the most beneficent changes. The 
discredit into which many of the old metaphysicians have fallen is 
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chargeable in a great degree to our superior knowledge. We have 
discovered that their premises were false, and of course we care 
nothing for their conclusions. I assert that poetry, painting, sculp- 
ture, and architecture, never within an equal period produced so 
many great works as since 1770, but I have not here lhe space to 
argue that point. 
I think the proof is sufficient that there has been an immeaase 
change in human life for the better since the middle of the last cen- 
tury--a change great enough to require the recognition of a new era 
in culture. The preponderant influence and characteristic of our 
time suggest that it should be called "The Age of Steam ;" and this, 
like the universally-accepted stone, bronze, and iron ages, suggests 
that industry is the most important feature of culture. 1o other name 
has been offered, no other force can compete with it. The improve- 
ments in printing and in the manufacture of iron and cloth, great as 
they are, are yet dependent for much of their value on the steam which 
drives the press, the rolling-mill, and the loom, and transports their 
products to market. The electric telegraph is inferior to either of 
these three- Vatt's invention remains master of the field. It has 
made a new era, which ranks with that of bronze, and the two sur- 
pass in importance all the others. 
When savages learned to make bronze, their former weapons and 
tools of stone and bone were thrown away. The flint knife, which lost 
its brittle edge at the first cut into wood, was replaced by tough 
metal which could be sharpened anew every day, and would last for 
years. The clumsy obsidian spear-head, that flew to pieces at the first 
throw, was superseded by another of better shape and more durable 
material, fitted for the wear of centuries. The savage armed with 
flint weapons was no match for the man of bronze, and thus the latter 
could take the most fertile valleys and reduce the ibrmer to slavery. 
The possession of metallic hoes, spades, and sickles, was the beginning 
of systematic agriculture. The soil began to produce abundant.ly; 
the supply of food was larger and more constant; population became 
dense; buildings of cut stone were erected for temples, fortifications, 
and granaries; the accumulation of property became possible and 
reputable; nations were organized and armies drilled. All these 
changes were the necessary results of the discovery of the art of mak- 
ing bronze. Previously men were in the stone age, without durable 
houses, without national government, without cities, without any ac- 
cumulation of property, division of labor, literature, or prospect of 
progress. 
The iron and printing ages made revolutions in society, but they 
were far less important than those of bronze and steam. The bronze 
revolution was the greater, looked at from a relative standpoint, but, 
considered absolutely, it was small in comparison, and very slow in 
progress, with the influen.ce of steam. The ancient Egyptians asserted 



44 z TIlE .POP UJLAR S CI.EVC.E MO'"THJL Y. 
in this special instance of the Pleiales they are not so much dazzled 
by the brighter stars as guided by them to the stars in their neigh- 
borhood, for, in fact, more than one half of the fourteen stars are of 
a magnitude far below the commonly-accepted limit of vision for the 
naked eye. We have learned to observe, to choose favorable condi- 
tions, to know what is a really clear atmosphere; we know that small 
stars in the vicinity of bright ones are far more readily descried in 
twilight than in the depth of night, the brightness of the larger stars 
in the latter case obscuring the smaller. Hipparchus errs in saying 
that moonlight is a hinderance to such observation: keen eyes may, 
with a bright full moon shining, count as many as fifteen stars in the 
Pleiades. 
Another point of considerable interest we note in this instructive 
example. The fact that the Postilion, the Alcor of the Arabians, was 
taken to be the lost seventh star of the Pleiades, further shows that 
Alcor, though a star of the fifth magnitude, and easily discernible, 
had not been noted by previous astronomers, else it could never have 
passed, at the beginning of our era, as a new star, then first registered. 
And indeed the Arabian astronomers, one thousand years later, call 
this star "The Forgotten," plainly because it had not been noticed 
previously. 
We have a like instance in the star lpha in Capricorn. )Iankind 
had to observe this star for thousands of years before they saw, what 
any child may see when its attention is directed to the object that 
here are two stars (one of the third and one of the fourth magnitude) 
so close together as to coalesce into one when hastily viewed. Again, 
it was the Arabians who noted this circumstance. Still, this did not 
avail to establish the true nature of a Capricorni. Ulugh Beigh, in 
the fifteenth century, and Tycho Brahe, in the beginning of the seven- 
teenth, in their famous 'Catalogues of the Stars," take no notice of 
it, and it was not till one hundred years later that ttevelius formally 
entered the companion-star in his list. ]Ve cite two or three further 
instances to show how the idealistic bias of the ancients, which cul- 
minated in Aristotelism, has almost down to our own times diverted 
men from simple but correct views of the world of sense. 
The amazing progress of observational astronomy during the last 
two centuries is in great measure due to the happy accident of our 
hemisphere containing a bright polar star. Sundry investigations 
can be made only with regard to stars near the pole, and all the more 
easily, of course, aud with smaller instruments, the larger the star 
happens to be. The importance of this star impressed itself upon 
men in former times, it being employed for correcting the compass. 
And yet even Columbus was not clear whether Polaris is situated at 
the north-pole, or only near to it, though it must be observed that in 
his day its distance from the pole amouted to more than three degrees, 
i. e., about six diameters of the full moon, and that hence it could 



Let it then be your firm resolve studcnts of the high-school par 
excellence, not to attend the lectures simply of one faculty, or of one 
branch of a ihculty. Be true to the principles of a universitas litera- 
ture. Over and above the studies special to your future calling, do 
not fail to acquire as liberal an education as possible, lostp0ne purely 
specialist studies to the time when you will not only have to receive, 
but also to give--to produce. Hold in high esteem the ancients in all 
things wherein they were and stiil are our teachers. Despise not 
y.our less remote predecessors and your contemporaries the world over 
in matters wherein they alone are the authorities. " 

THE SPONTA:NEO.US-GENERATION CORTROVERSY. 

B" REv. W. H. DALLINGER, V. P. R. K. S. 

I the present position of biological science in relation to this im- 
portant and interesting question, any positive results which have 
a definite bearing on the difficulties of the subject, and point hope- 
fully to new methods of research, must be warmly :elcomed. Prof. 
TyndalPs beautiful series of experiments " On the Optical Deport- 
ment of the Atmosphere in Reference to the lhenomena of lutrefac - 
tion and Infection" are precisely of this class, and will give new 
impulse and direction to all unbiased labor. It is to be regretted 
when, in a matter so purely one of rigid science as this is, impas- 
sioned controversy is suffered to have any place. It fails utterly of 
its intended purpose, and simply hinders and delays the final issue. 
There are few but will have admired the animation, courage, and, 
resolution, manifested by Dr. Iastian in the discussion of this ques- 
tion during the last five years; but those who have been most capa- 
ble of understanding the method, nature, and objects of his experi- 
ments, and the general drift of his reasoning, are those who most 
earnestly disavow the perhaps unconscious, but nevertheless too pal- 
pable, advocacy of a t]esis which his writings so freely display. 
Dr. Bastians position in relation to the origin of minute organic 
forms las, at the outset, the immense disadvantage of being adverse 
to the whole analogical teachin.g of :Nature, down to the uttermost 
depths of minuteness, where our knowledge is accurate and sound. 
Wherever science has put down the landmarks of possession and is 
not dealing with the disputable territory of hypothesis, it is abso- 
lutely known that at some period in the cycle of development the 
lowliest organisms are dependent for their propagation upon what we 
can only look upon as genetic products. 
]Ianifest!y , then, it must be weighty--nay, unequivocal and even 
irresistible--evidence that will induce the philos.ophical biologist to 
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conclude that Nature's otherwise universal method is changed, in the 
outmost fringe of organized being. Iere reasoning could never ac- 
complish this. It must be hard, defiant fact, which none can gainsay. 
But verily no such facts--nor even their most distant forecasts--are 
before us. The profound difficulties which bristle round the inquiry 
on every hand are prominent signals for caution ; while the uncer- 
tainty and incompetency of the methods hitherto employed, and their 
conflict of results, is alive with meaning. Indeed, we are dealing 
with organisms so minute as to elude all but our best optical appli- 
ances ; and the accurate and correct interpretation of t]e details they 
enable us to discover requires the practice and experience of years. 
Of the deveiopmental history of these organisms themselves, we 
know from actual observation almost nothing with certainty ; and the 
little we do know from such careful and patient observers as Cohn, 
Billroth, Ray, Lankester, and others, is so complex and conflicting 
as to demonstrate the necessity of years of patient experiment and 
skilled research, and to plainly tell us of our ignorance of this mi- 
nute and wonderful group of organic forms. And yet, forsooth, we are 
asked, upon the conflicting testimony of a multiplicity of boiled infu- 
sions, yielding often even in the same hands uncertain results, and in 
different hands conflicting ones, to believe that organic Nature--whose 
method of reproduction is the same to the very limits of certait 
knowledge--changes its method in this uncertain and cloudy region. 
Of course, to "spontaneous generation " as a mode of vital repro- 
duction there can be no a priori objection. Let us have it by all 
means, if it be a fact in ature ; but not on any other terms. Is it 
reasonable to suppose that such men as Darwin, and Huxley, and 
Tyndall, and Burdon-Sanderson and Cohn, and Billroth, and Lankes- 
ter, would shrink from " spontaneous generation" because of the 
:' consequences " to which, strangely enough, it is by some SUlTosed 
to lead? The very thought admits of nothing but ridicule. And 
yet Dr. Bastian is displeased with Darwin ' because he has not defi- 
nitely determined whet, her all living things originated in one primor- 
dial germ, or originated spontaneously in multitudinous centres scat- 
tered over the earth's surface. Both ttuxley and Tyndall are in effect 
charged with grave inconsistency, ' because, while they admit the ori- 
gin of all vital forms by evolution, they yet declare that they have 
never seen an instance of "spontaneous generation" of organized 
forms. It is asked, "Why should men of such acknowledged emi- 
nence in matters of philosophy and science as Sir. Herbert Spencer 
and Prof. Iluxley promulgate a notion which seems to involve an 
arbitrary infringement of the unitbrmity of ature?" I dare not 
answer for them ; but for myself I answer, Because the facts as pre- 
sented to them on the subject--as well known to them as to Dr. Bas- 
tian, and we may venture to say as well considereddo not appear 
 "Evolution and the Origin of Life," pp. 18-17.  Ibid., pp. 15, 16. 
voL. x.--29 
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must lead to a scientific determination of the existence and nature of 
the bacteria-germs. His beautiful experiments on the decomposition 
of vapors, and the formation of actinic clouds by light, led him to 
experiment on the floating matter of the air, and with what results is 
widely known. Confined and undisturbed hir, however heavily charged 
with motes, becomes at length, by their deposition, absolutely clear, 
so. that the path of the electric beam is invisible across it. From this, 
and associated indications, he acutely inferred that "the power of 
developing life by the air, and its power of scattering light, would be 
found to go hand in hand ; " so that a beam of light sent across the 
air into which infusions might be placed and examined by the eye, 
rendered sensitive by darkness, might be utilized with the best results 
in determining the existence of bacteria-germs. To bring the idea to 

Fie. 5. 

a practical result a number of chambers were constructed with glass 
fronts. At two opposite sides facing each other a couple of panes.of 
glass were placed to serve as windows, through which the electric 
beam might pass. A small door was placed behind, and an ingenious 
device was arranged to enable a germ-tight pipette to have free lat- 
eral, as well as vertical, motion. Connection with the outer air was 
preserved by means of two narrow tubes inserted air-tight into the 
top of thechamber. The tubes were bent several times up and down, 
"so as to intercept and retain the particles carried by such feeble 
currents as changes of temperature might cause to set in between the 
outer and the inner air." 
Into the bottom of the boxes were fitted large air-tight test-tubes, 
intended to contain the liquid to be exposed to the action of the mote- 
less air. 
" On September 10th the first case of this kind was closed. The 
passage of a concentrated beam across it showed the uir within it to 
be laden with floating matter. On the 13th it was again examined. 
Before the beam entered, and after it quitted the case, its track was 
vivid in the air, but within the case it vanished, aThree days quite 
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year displayed on that occasion, and proved to be a very interesting 
feature. 
The Academy o.f Sciences is formed from the scientific faculty of 
the ational University at CSrdoba, with the addition of other men 
of science in various parts of the country. The eminent zoSlogist, 
I)r. Burmeister, of Buenos Ayres, is at the head of the Academy, and 
the members of the scientific faculty of the university are in the 
anomalous relation of being under the direction of the Academy 
rather than the university in their duties to the latter. 
The secretary of the Academy is at CSrdoba, his office being in the 
buildings of the university, where are also located the scientific col- 
lections of the Academy. These consist of: 
1. The [ineralogical )Iuseum, containing a rich and very well ar- 
ranged collection of minerals, altogether the best in the country. The 
Argentine minerals are particularly well represented and classified 
according to provinces. There are microscopic preparations accom- 
panying many of the respective minerals and rocks. The collection 
occupies two rooms. 
2. The Botanical Collection is crowded into a room about thirty- 
six by twelve feet, and entirely too small to admit of appropriately 
arranging the numerous and interesting specimens. 
3. The ZoSlogical Collection, which in condition of specimens and 
lack of arrangement is a disgrace to the curator of this department. 
4. The Physical Cabinet occupies three rooms and is a large and 
quite well arranged collection of apparatus. 
5. The Chemical Laboratory is in two of the basement-rooms, one 
of which is very large. It is well equipped, but the apparatus is not 
kept in the best order, nor the library which appertains to this de- 
partment. 
6. The Library of the Academy is separated into sections, and the 
books distributed in the various rooms, where are located the various 
collections appertaining to the sciences of which they severally treat. 
It is proposed soon to rearrange the collections of the Academy, 
put them in order so far as they are in need of it, and, where requisite, 
move them into more desirable and commodious apartments. They 
will, however, remain as now, the material for scientific illustration 
of the National University courses of instruction. 
The glory of the Argentine Republic in the direction of work ac- 
complished for science, and, as far as I am informed, of South America 
as well, is the/ational )Iuseum at Buenos Ayres, of which the dis- 
tinguished zo(ilogist, Dr. Burmeister, whose reputation is European 
as well as Anerican, is the director. To a man of science this museum 
offers as great attractions as any of the leading ones in Europe, and 
there are many specimens found here, particularly in the department 
of paleontology, that are entirely unique. Remains of the huge ani- 
mals of the sloth and armadillo families have nowhere been tbund so 
vor.. x.--30 



455 THE t ) OP fLAR S CIE1VCE MO1VTttL I . 

abundantly as in the valley of the Plate ; in fact, most are unknown in 
other parts of the world. The/qational ]Iuseum at Buenos Ayres has 
a collection especially of Glyptodons and ]Iegatheriums unequaled by 
any museum in the world; has, indeed, of the former a greater number 
than are to be found in all other collections. These fossils, found in 
the Argentine Republic, are objects of special legislation, inasmuch as 
Congress has by law forbidden their exportation except with the con- 
sent of the director of the museum. This consent is given only in 
those cases where duplicates equally good and interesting are already 
in the museum. I)r. Burmeister informs me that there are but three 
specimens of the Glyptodon anything like complete in European mu- 
seums, and that in the United States he believes there are none. Even 
those which are in Europe are imperfect in some important features ; 
none of them ibr instance, showing the interesting annular connec- 
tions between the carapace and the base of the tail thus very much 
marring the symmetrical appearance which the fossil.in reality pos- 
sesses. The Glyptodon, as will be remembered, is one of the most 
conspicuous objects in the collection of casts of fossils made at Roches- 
ter, and now found in several American museums. 
During my stay in Buenos Ayres there has been exhumed a more 
perfect Glyptodon than any yet in foreign museums)and, as Prof. 
Burmeister has the same species, I have bought it and shall bring it 
to the-United States. 
Besides the remains of extinct animals, the /qational ]Iuseum is 
rich in specimens of recent fauna, particularly insects. It also con- 
tains many objects of archaeological and historical interest. Its min- 
eralogical collection is of very trifling importance. 
At present the museum appears to be overfilled, and it is evident 
that larger accommodations than the present are very much needed. 
Dr. Burmeister has published the Anales del 2ruseo Pblico now 
for a number of years, which contains excellent and detailed descrip- 
tions of many new species, the originals of which are in the museum. 
In this work the huge edentates and other mammalia which have 
made this museum so famous are described and figured. 
SCIENTIFIC JOURnaLS I Buos _A_:rRES.--In 1873 there was pub- 
lished a journal devoted to science, denominated  Ateno Argentino. 
It however expired, after six numbers had appeared. I was t Ibelieve, 
a monthly. 
The folio.wing year in Iay the 4nales Cientcos Argentinos was 
begun as a scientific monthly, of about thirty-two pages each number. 
The copy now before me contains about twenty pages of original inves- 
tigation, the balance excerpta and translations. Five numbers of this 
journal appeared when the Mitr5 revolution, which for the time being 
paralyzed so many undertakings, extinguished also this laudable pri- 
vate enterprise. 
A few months ago the Sociedad Cientifica Argentina, of which I 
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make a pretty fair showing, perhaps, because of the great facilities 
for research offered by our surveys and exploring expeditions. The 
newness of our country has also been of advantage to our zoSlogists, 
who have not failed to improve their opportunities. But in chemistry 
and physics, the two sciences most intimately connected with our 
greater industries, we have accomplished very little. 
Several causes have combined to bring about this state of aflairs. 
There is native ability enough in America to carry on work of the 
highest order, but inducements and opportunities have been lacking. 
The labor of developing new regions, of building up commerce, manu- 
factures, and agriculture, of constructing railroads, bridges, and tele- 
graphs, has diverted public attention from matters apparently of a 
more abstract and less immediately practical character. Iaterial 
necessities have taken a natural precedence of intellectual wants. 
Now, having laid our foundations, we begin to think seriously about 
the future superstructure. 
But apart from all these drawbacks to American scientific growth, 
there is yet another of almost equal magnitude. This is to be found 
in the system (or rather, lack of system) which has shaped our higher 
education. Our country is dotted over with a multitude of so-called 
colleges and universities, which have sprung up, not in response to 
any well-defined necessity, not under the developing influence of 
broad and clear ideas, generous culture, and wise motives, but because 
of personal ambition, sectarian jealousy, or petty local pride. States 
have conferred charters almost indiscriminately without reason or 
forethought. Any body of trustees, no matter how ignorant or how 
foolish, has had but to ask for university powers, and the request has 
been granted. Incapacity on their part, or injudiciousness in their 
plans, has seemed to offer no impediments. This policy may be 
democratic, but it certainly is not wise. Its chief result must inva- 
riably be to degrade the standard of education. A college or uni- 
versity charter should be issued only with extreme care, and to fully 
responsible persons. It ought to demand compliance with certain 
rigid conditions, and should be forfeited whenever the institution 
holding it falls below the proper standards. But the mischief has been 
done, and science has suffered. Let us see how. 
In order that science may flourish in any community, several 
things are needful. There must be a general appreciation of its true 
value to the world, a clear understanding by men of cultm-e as to the 
best means for its promotion, facilities for both study and research, 
and suitable inducements to attract intellectual labor. :No matter 
how able and enthusiastic an investigator may be, he can do ]ittle 
without apparatus or specimens, encouragement, and the means of 
support. Indeed, the last-named, or bread-and-butter element, is a 
very important feature of the problem. The human brain is a market- 
able commodity, at the service of the best-paying master. Payment 
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in America until in this respeet the colleges mend their ways. )len 
must be chosen professors because of their fitness to teach specified 
subjects, and not on account of their notions, real or profissed, con- 
cerning abstract theological dogmas. )ioral character ought, of 
.course, to be considered; but mere speculative belief, never. 
Another objectionable result of college scattering is the under-pay- 
ment of professors. Even our best universities have shortcomings in 
this respect. A teacher upon small salary is naturally somewhat un- 
settled in his mind is apt to be looking about for better employment 
and is liable to feel a constantly diminishing interest in his work. Sta- 
bility of place and freedom from pecuniary anxiety are very important 
to an investigator; and just these requisites few _American colleges 
are able to supply. A large salary is not absolutely necessary to a 
scholar, but a certain means of comfortable subsistence is. At pres- 
ent when wholly inadequate payment is offered there is scarcely any 
inducement to attract a young man into the scientific life. A profess- 
orship or tutorship may be accepted for a year or two, perhaps, just 
as a stepping-stone to something more lucrative, but how rarely is the 
teacher's vocation taken up as a career! Almost every other impor- 
tant occupation yields surer rewards, and a fairer prospect of attain- 
ing to a competency. A young lawyer doctor or merchant if care- 
ful and industrious, may reasonably look forward to possessing at 
some time a home of his own with the.means of sustaining and prop- 
erly educating his children. The young devotee of science however 
has rarely any such possibilities beibre him. I-Iis labor is as arduous as 
and ddmands even more talent than, that of the attorney or physician, 
but the recompense is vastly less. If as he ought, he gives his leisure 
moments to the advancement of learning he will find his salary insuf- 
ficient for the maintenance of a family. In order really to live, he 
must constantly be doing outside work. Ite will thus struggle along, 
year after year, in constant danger of being discharged or supplanted, 
and, in his old age, weary and broken down, will find himself little 
more than a pauper. Is it strange, then that the best intellectual 
talent of America is repelled from professorial positions and attracted 
into other fields of labor ? Can science be expected to flourish under 
such a system ? We pay mere popular lecturers well enough; and 
surely the real workers who create science ought to be fairly recom 
pensed also. But we can hope for little improvement until the num- 
ber of colleges is reduced, and the means of those remaining suitably 
enlarged. Science must offer careers to men of ability, with the re- 
wards which capacity skill and faithful industry, always ought to 
receive. 
But, after tracin all the effects produced by the division of edu- 
cational forces, we shall still find other points in which our college 
system is prejudicial to science. Glance over the curriculum laid 
down in almost any college catalogue, and see how the scientific in- 
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struction is arranged. In nearly every instance there will be found 
an enormous disproportion between linguistic studies and science. 
As a rule, over one-half of a student's time for four years is assigned 
to language ; the remaining half being divided between mathematics 
English literature, history, philosophy, and "natural science." Chem- 
istry, for example, is generally taught through a single term (one- 
third or one-half, as the case may be) of the junior year. Thus a 
study, extremely important both practically and as a means of.culture 
is pursued by a student for perhaps three hours a week during one- 
eighth or one-twelfth of his college course. In some institutions, uno 
doubtedly, more time is given to chemistry; but such cases are com- 
paratively rare. A youth will enter college with at least a year's 
preparation in Greek, and then will follow that study for the greater 
part of his four years' course; but the science from whose applica- 
tions he derives direct benefit every day of his life is crowded out 
into an obscure corner of the curriculum, and made to seem of little 
value. Physics is treated like chemistry; while geology, botany, 
zoSlogy, and astronomy, are pushed even closer to the wall. 
:Now, what effect has this unfair distribution of studies produced 
Ul)on American science? Plainly, a very bad effect. Our scientific 
men must be recruited mainly from among the ranks of our college 
graduates, and hence the latter ought to be imbued with something 
of the scientific spirit. That spirit is not likely to be very strongly 
aroused by the present policy of make-believe teaching. In fact, an 
enthusiasm for science is dampened rather than encouraged in the 
majority of American universities. The student sees men of fair 
training employed to teach the classics, while the work in scientific 
branches is done by wholly-untrained or imperfectly-trained instruct- 
ors. Frequently it happens that Latin and Greek are taught by 
separate professors, while a single teacher is called upon to cover all 
science outside of mathematics. It is easy to see what effect such a 
state of affairs is liable to produce upon the mind of an average pu- 
pil. IIe becomes accustomed to regard the sciences as comparatively 
unimportant. He learns almost nothing of their true relations to life, 
and the little which he does happen to pick up is gleaned from a few 
superficial lectures and two or three trivial text-books. If he fails in 
these studies at examination, the failure counts practically nothing 
against him upon graduating. In short, the college deliberately car- 
ries out a policy of scientific smattering, and the student is influenced 
about as might be expected. IIe graduates in complete ignorance 
both of the methods and of the aims of science, having learned only a 
few disconnected facts concerning the great world about him. 
Very many American colleges, however, now,provide what claim 
to be " scientific courses," running for four years parallel with those 
in classics, and leading-to bachelor of science degrees. This fact 
illustrates only a sham deference to the public denand for less Latin 
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toward the discoveries of qewton. Iany others make lower stand- 
ards for scientific than for classical students, seemingly upon the idea 
that a bachelor of science is expected to know less than a bachelor of 
arts. Perhaps the scientific spirit is now best represented in this 
country by the Sheffield Scientific School at qew Haven. IIere the 
policy of the institution seems to have been entirely shaped and 
guided by the Faculty rather than by the trustees. The Lawrence 
Scientific School did stand higher before the abolition of its special 
laboratory, and approximated closely to the German idea; but of 
late its Connecticut rival has passed it in the race. "As a university, 
taken for all in all, Harvard is probably far ahead of Yale, but in 
training scientific students the latter can at present claim superiority. 
The Columbia College School of )Iines is also a good institution, but 
it errs in the direction of over-thoroughness. The students have so 
much routine and detail work to do that no time is left for original- 
ity. The instructors, too, are overworked, so that they can accom- 
plish little ia the way of research, and they are, moreover, in many 
cases, underpaid. This latter evil the trustees can and should rem- 
edy. It also occurs at Cornell University, and has lost to that institu- 
tion the services of several valuable men. These points are mentioned 
now, not hypercritically, but because they serve to illustrate certain 
discouragements which our scientific men have to encounter. 
qow, having recognized some of the weaknesses in our American 
mode of conducting the work of higher education, we may reason- 
ably ask how they are to be remedied. How shall reform be brought 
about, and by whom ? 
It is quite evident that improvement must come partly from within 
and partly from "without. The internal management of each college 
must modify itself for the better, and its efforts should be strength- 
ened and encouraged by exterior influences. From the latter, how- 
ever, we have most to hope. As long as our col.lege are controlled 
by men who do not appreciate thoroughness in scientific culture, we 
can expect but little from within. An incompetent Faculty is not 
likely to become suddenly conscientious and resign, neither are aver- 
age boards of trustees prone to confess their incapacity. External 
pressure must be brought to bear both upon trustees and upon pro- 
fessors before they can be made fully to realize the responsibilities 
resting upon them. This pressure may come, partly from public sen- 
timent, and partly, though later, through legislation. 
But how shall public sentiment be properly shaped and made 
available for service ? How is its natural though slow growth to be 
fostered and directed ? 5Iainly by the efforts, organized and indi- 
vidual, of scientific men. Personally, every worker iu science should 
strive to awaken in the community about him a comprehension of the 
value and the purposes of his particular branch. In other words, the 
real investigators ought to do more toward popularizing their discov- 
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eries, instead of leaving the task to amateurs or charlatans. At pres- 
ent unfortunately too many able scientific men depreciate popular 
work and hold aloof from it. They do nothing themselves to inter- 
est the general public and then lament the fact that the public does 
not become interested. Yet just here is where the beginning must 
be made. With a wider public interest in science will come a deeper 
public appreciation and this will develop the tendencies necessary 
for the improvement of our colleges and schools. Until the people 
see and recognize the difference between tl-ue investigators and mel"e 
collectors of specimens between original workers and text-book ama- 
teurs, little real progress can be made. 
Organized effort is also needed. Just as lawyers or physicians 
band themselves together so also men of science should combine for 
mutual self-protection against quackery. A man who had never 
been admitted to the bar could scarcely be choseu to a law profess- 
orship, neither could any one but a regular graduate be elected to 
teach in a respectable medical school. Why should not organization 
among chemists, geologists or naturalists, produce in the long-run a 
similar state or" affairs? Such an effective organization it might be 
difficult to bring about and still something could be done. Even a 
very little improvenent would be better than no improvement at 
all. Local scientific societies might do good in two ways: 1. By 
preventing, or at least opposing, bad appointments in colleges ; 2. 
By furnishing the means ibr popular lectures and field-excursions. 
They could als% perhaps, do something toward breaking up the 
present vicious and absurd mode of teaching science by mere text- 
book recitations, and so help forward the adoption of correct meth- 
ods. An attempt to teach drawing or music by lectures only, would 
be universally recognized as nonsensical; the same system of in- 
struction applied to any one of the natural sciences is equally ridicu- 
lous. /qature must be studied at first hand to be properly under- 
stood. 
Through legislation also something may be accomplished. This 
something may be very little, but a good. many littles taken together 
aggregate much. Just as a single dollar may be the beginning of a 
great fortune, so one apparently trifling measure can become the 
starting-point of a sweeping reform. The first step to take in this 
direction is to prevent th( issue of more charters. Inflation is as bad 
in education as it is in finance. /qo State which already contains more 
than one fair .college or university should permit another to be estab- 
lished. Let the millionaires who wish to help learning give their 
money to institutions already in existence, or else not give at all. ]qo 
benefaction is better than a mischievous benefaction. It is not long 
since ]Iassachusetts lost a splendid opportunity to inaugurate the 
policy here recommended. The Methodist denomination of that State 
were discussing the foundation of a new educational institution in or- 
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near Boston. Ilarvard University at once made a very liberal offer; 
namely, that if the Methodists chose to establish merely a theological 
school, and to place the same in Cambridge, it would give them rent 
free the use of a lot of land for their building, and would permit their 
students to have access to the great library, and to attend, without 
expense, fifty courses of lectures. This magnificent offer was foolishly 
declined, and the Methodists founded, only four miles away, the Bos- 
ton University--a school for which there was no real demand, and 
which signified merely sectarian folly. If at that time the Massachu- 
setts Legislature had refused to grant a charter, a good move would 
have been made. The money bequeathed by Isaac Rich might per- 
haps have gone to the Wesleyan University at )Iiddletown, making 
that comparatively weak institution really strong. As it was, the 
Methodist denomination, with more zeal than discretion, divided its 
forces in New England, started a college within half a dozen miles of 
at least three others, and contributed heavily toward the perpetuation 
of the present vicious policy. Tufts College is another wealthy insti- 
tution close to Harvard, doing little save to adorn a high hill with 
brick and mortar, and wholly unable to compete with its great rival. 
All over the country there are to be found similar examples of what 
is at once multiplication of means and division of forces. Galesburg, 
Illinois, has two colleges- one Presbyterian, the other Universalist. 
Nashville rejoices in four- one Methodist Episcopal, another Method- 
ist Episcopal South, a third for colored people, and the fourth vaguely 
described as "non-sectarian." This senseless scattering of appliances 
ought never to have been permitted. The true policy is, to establish 
great central universities, around which as nuclei the theological 
schools may cluster. A plan of consolidation among existing colleges 
would be difficult to carry out, but to some such plan we must event- 
ually look for reform. 
Perhaps at some future time it may also become possible to regu- 
late colleges by law, and to compel them to maintain certain stand- 
ards of scholarship. If a few institutions which are now doing sham 
work should be summarily deprived of their charters, and so rendered 
unable to confer degrees, much good would result. No Legislature, 
however, could as yet be induced to take such a step, even supposing 
it to be perfectly legal. A policy of this kind must follow after the 
awakening of public sentiment. But the principle that every institu- 
tion of learning ought to be what it pretends to be, is unquestionable. 
No kind of fraud is more objectionable than fraud in education. 
As a matter of course, legislation upon the college problem would 
have to be different in different States. Neither Rhode Island nor 
New Hampshire need act at all upon the question ; but Ohio, Indiana, 
and Illinois, ought to move vigorously. In these and other Western 
States, espec!ally the States which sustain universities at public ex- 
pense, a healthy and judicious system of taxation might be desirable. 
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If every college controlled by a private corporation was energetically 
taxed, the weaklings would soon be either suppressed entirely or 
forced to consolidate with other stronger institutions. Ohio alone 
has at least a dozen colleges which taxation would affect in this way. 
At present, they are public nuisances ; united, they might become a 
source of public good. 

SOCIAL EXPERIMENTS IN UTAH. 

B J. H. BEADLE. 

HE social anomaly of Utah is of interest not only to the poli- 
tician and the philanthropist, but also to the scientific student 
of society, whose object is simply to find out how the thing works. 
Though not claiming to be a sociologist, I have had considerable 
opportunity to observe the operation of social forces among the 
)Iormons, and in this article I wish to present some conclusions 
that I have formed relating chiefly to the economical aspect of the 
matter. 
Judging from the tone of much of the Eastern press, one might 
conclude that most thinkers regarded Utah as an exception to the 
rules which govern other human societies ; as we read frequent eulo- 
gies on its people and their progress, coupled with innocent wonder 
that such institutions could have produced such results. It seems to 
be conceded by these writers that in one part of the world a whole 
people may be Asiatic in religion and social type, and European in 
energy and intellect; at the same time going forward in wealth and 
culture, and backward in intellectual and moral discernment. Facts 
and figures may show, however, that what we should have looked for, 
reasoning deductively, is really there, although a little disguised at. 
first. To treat it first in its purely economical aspects, I lay down 
the broad principle that, in this climate and on this soil, a polygamous 
community cannot get rich. 
For, first, polygamy tends to the multiplication of the helpless, 
to make the proportion of consumers to producers unnaturally large. 
The political economist knows that the surplus year by year accumu- 
lated in the United States is small compared with the popular idea of 
it--rarely exceeding three per cent. This, funded and in turn made 
productive, measures the general increase of wealth. Suppose, now, 
some factor introduced which should consume this three per cent. of 
increase: it would result that the people would be pressed down upon 
the verge of poverty, and wealth would augment no faster than popu- 
lation, perhaps not so fast. Polygamy has just this effect. 
True, the children are all the while growing toward the age of 
self-support (which in the West may be set at eighteen years) ; and, 
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could all survive, this evil would in time correct itself. Bug, under 
ordinary circumstances, forty per cent. of the 'ace die before reaching 
that age. So of this increase beyond monogamic rates all is a lresent 
loss, and forty per cent. an absolute loss. But this is not the worst. 
The ratio of consumers to producers must in any case vastly increase 
before any of the young become self-supporting. Hence a much 
smaller surplus, a smaller ratio to each of what sustains and cheers 
life, and less to bestow upon the weaker, who have extra needs; con- 
sequently a stronger pressure by the whole community on the means 
of subsistence, a sharper struggle for existence, and a considerably 
greater mortality among the feeble children. This in turn increases 
the dead loss set forth above; and thus polygamy causes the loss be- 
yond recovery of a part of the productive energy of a people appre- 
ciably greater than is lost in monogamy. This it is doubtless which 
causes much of that large infant-mortality in Utah which so many 
have noted, and which has often been mistakenly attributed to the 
purely physiological effects of polygamy. It is not that children are 
born with weaker constitutions, but that too many of them are born 
for the productive strength of the community to carry. 
This position will be best appreciated by a comparison with any 
locality in the Central West--say, a rural region in Ohio. There 
about one-fifth of the whole community are producers. One-half are 
children, one-half the remainder women (whom political economy does 
not consider as producers), and a small proportion infirm and aged. 
Given freedom, monogamy, and natural conditions, this proportion 
will maintain itself with almost perfect constancy.. There will always 
be a certain proportion of unmarried women. Families will average 
four or five children each, and the annual increase will be such as the 
productive capacity of the Commonwealth can carry, and leave a slight 
surplus to add to its funded wealth. 
:Now, introduce polygamy, apportion the single women, and possi- 
bly import a few more. Give every fifth man two wives and two sets 
of children, every tenth man three, and every fif'tieth man from fou 
to twenty--this is about the condition in Utah--and what then ? In ten 
years, instead of one-fifth, only one sixth or seventh of the whole popu- 
lation will be producers ; and the number of the helpless will be greater 
than the aggregate strength of the community can provide a proper 
surplus for. Inevitably, then, the whole population will press harder 
on the means of subsistence, there will be less abundant nourishment, 
and a weakening of vitality among the poorest, and, in no long time, 
a marked increase of mortality among the children thus imperfectly 
nourished; for thus does inexorable :Nature restore the balance with 
a stern justice untempered by mercy. That Utah polygamy causes 
more children to be born is unquestioned ; whether it would result in 
a greater permanent increase of the population is very doubtful. It 
certainly is not true that the polygamous races increase faster than 
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B is a man of uncommonly fine business abilities, and would any- 
where in the States have long since been a millionaire. IIe has had 
live wives, and reared twenty children, besides having lost some by 
death. Five times in his life (so he tells me) he has had a good start; 
now he is practically without means, the rent of his real estate being 
consumed in the payment of debts incurred in caring for his family. 
For years at a time he was never without one or more children sick, 
and has been literally compelled to repudiate one of his wives, who is. 
supported by her son. Two others have died, and by the most heroic 
exertions he is barely able to provide for the other two and their 
seven children, who are still too young to assist. 
C holds a very high position in the Mormon Church, and two civil 
offices, all with good salaries and fine opportunities. In the early 
days, when the Church ruled everything, the 3Iormon Legislature 
made large grants to him of pasture-lands, timber-lands, and water- 
privileges, to all of which he enjoyed the exclusive right for twenty 
years. He has had six or seven wives, and children in proportion. 
Of several fine pieces of property he owns most are mortgaged to 
their full value, and he is often cruelly embarrassed for money. With 
such opportunities he should now have been ready to retire with a 
tbrtune. 
D is an apostle with five wives and a good family to each. Hav- 
ing always been more a missionary than trader, he is now actually 
an object of charity. It is openly charged, and not very strenuously 
denied, that one of his wives died of want; all the others either sup- 
port themselves or are supported by their children, the old gentleman 
not being able to support even one family. So runs the list. Even 
Brigham Young, with all his opportunities, cannot be considered very 
wealthy. IIe has repeatedly sworn in his entire property at less than 
half a million, and in his "answer" to the suit of Ann Eliza he put 
it at 8600,000. I should not call that great wealth, for a man with a 
hundred and twenty children, grandchildren, and sons-in-law, hanging 
on his financial skirts. The assessed wealth of Utah does not ex- 
ceed $28,000,000, of which it is known that the Gentile minority owns 
about one-haiL This would leave the 90,000 Mormons no more 
than $140 each, a lower average, I believe, than in any other.part of 
the United States. The question might well be raised in Congress, 
whether polygamy did not bring its own punishment to the men ; and, 
if their case alone was to be considered, we might nppropriately let 
it alone. An old lawyer who attends to much of their business gives 
me his opinion that in ten years nearly all the leading Iormons will 
be bankrupt. 
2knother peculiar effect of polygamy I advance, with the sugges- 
tion that it may be due somewhat to other causes. As families in- 
crease so rapidly in size, amounting in some instances within nay 
knowledge to fifty children of one man, there must be a vast increase 



SOCIAL .EXP.EttIM.ENTS IIV UTAH. 489 

direct command of God; that the Government was at war with the 
._lmighty in the abolition of one and disapproval of the other; and 
that the mass of the people of the United States were scoundrels who 
deserved death, and would soon be visited with all the plagues of the 
Apocalypse. And these people did not seem to be aware that they 
were insane. They argued earnestly and swore fluently in defense of 
their religion, quoted the Bible voluminously in favor of slaver), and 
concubinage, and declaimed about the Prince of Peace, the way of 
salvation, and control of passion, till they were black in the face with 
anger. At the autumn conference that year Brigham pronounced the 
fiat--":No trade with outsiders;" and at a wave of his hand all the 
commercial relations of 75,000 people were changed in a day i a dozen 
mercantile firms had their business destroyed, and were driven from 
the country. Some of them could not even dispose of their stock on 
hand, and were forced into bankruptcy. That autumn I visited one 
settlement, near Salt Lake City, where a cane-mill was run night and 
day on custom-work. A year afterward I passed that way again ; the 
cane-mill was resting in idleness,and the people hauling their cane 
miles away to another settlement. The owner of the mill had apos- 
tatized ; the word from the Tabernacle had gone forth, ' Drop him !" 
and for the first, and I hope the last, time in my life I got sight of that 
unique theological phenomenon--an apostate cane-mill. 
Whether the moral condition was then tolerably good or very bad 
cannot be determined satisfactorily. There was such a dead calm 
upon the surface of society, and such a singular reticence among all 
classes, that only the most atrocious cases ever came to light--often 
those were not known or suspected until some of the parties had apos- 
tatized. No account was ever given in the 3Iormon papers of any 
crimes committed in the remote settlements, and so complete was the 
surveillance of the secret police that a case of seduction was almost 
immediately discovered and settled by having the parties married at 
once, a previous marriage of the man being no hinderance. Of two 
strangers visiting the Territory, one would say: "These are the most 
orderly, law-abiding, and happy people on earth ;" the other : "There 
is neither liberty nor law--neither honest, earnest thought nor 'igor- 
ous happiness; there is a centralized despotism, and Brigham Young 
is king." Possibly some idea of the moral tone may be gained by 
noting the prominent characters chosen for the offices, and presuma- 
bly representing the priesthood and people. John D. Lee, as well 
known then as now as the wholesale murderer of hlountain hleadows, 
only a few months after that awful crime came to represent Iron 
County in the Legislature, received the encomiums due a faithful pub- 
lic servant, and went home with a young wife, "sealed" to him by 
Brigham Young. His colleague in murder Isaac C. Haight, was also 
his colleague in the Legislature, and was in like manner rewarded 
with a young wife. Both these men continued high in office in the 
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The grandfather of J. S. ewberry, General Roger ewberry, an 
officer in the army during the Revolutionary War, was for many years 
a member of the Governor's Council ; he was also one of the directors 
of the Connecticut Land Company, proprietors of a great part of the 
"Western Reserv%" in orthern Ohio. His son Henry father of 
the subject of this notice, in 1824, with his family, emigrated from 
Windsor to the Western Reserve, and founded the town of Cuyahoga 
Falls in Summit County. 
Young ewberry received his academic education at the West- 
ern Reserve College, from which institution he graduated in 1846. 
Two years later he received the degree of Doctor of ]Iedicine 
from the Cleveland ]Iedical College. The years 1849-50 he spent 
in study and in foreign travel, and in 1851 he began the practice 
of medicine at Cleveland. But the life of a practising physician 
was distasteful to Dr. ewberry, as affording but little opportunity 
for scientific study, for which he had from boyhood evinced great 
aptitude. Hence, in ]Iay 1855, he accepted an appointment as assist- 
ant surgeon and geologist to Lieutenant Williamsons expedition for 
the exploration of the country lying between San Francisco and the 
Columbia River. The results of this expedition are published in the 
Pacific Railroad "Reports;" but Dr. ewberrys report on "The 
Geology Botany, and ZoSlogy of orthern California and Oregon ' 
also appears in a separate quarto volume of 300 pages, with 48 plates. 
He next, in 1857-58, was attached to an expedition under the 
command of Lieutenant J. C. Ives, commissioned to explore and navi- 
gate the Colorado River s so as to open a route of communication 
with the army in Utah. An iron steamer, constructed in t)hiladel - 
phi% was taken in sections to the Gulf of California, where it was put 
together and launched. The expedition navigated the river for the 
distance of 500 miles. Above the point reached by the steamer the 
course of the river, for hundreds of miles is through deep cations with 
vertical walls in some places over a mile in heig.ht. The report on 
the Colorado region, drawn up Conjointly by Lieutenant Ires and Dr. 
Newberry gives a graphic description of perhaps the most remark- 
able portion of the earth's surface. In the preface to the report Lieu- 
tenant Ires speaks of ewberrys observations as constituting "the 
most interesting material gathered by the expedition." 
The following year (1859) Dr. ewberry was ordered to join a 
party sent out by the War Department, to report to Captain )Ia- 
comb, for the exploration of the San Juan and Upper Colorado Rivers. 
The party traversed a large part of Southern Colorado, Utah orth- 
ern Arizon% and ew ]Iexic% adding greatly to the sum of geo- 
graphical knowledge, and opening a region of singular interest and 
of enormous mineral wealth. This expedition determined the point 
of junction of the Grand and Green Rivers, forming the Colorado ; 
further, it explored the valley of the San Juan, a river whose banks 
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to place. The Chinese invariably substitute the soft for the hard 
trill,  and this substitution is common among other nations. The 
Polynesians put gutturals in the place of dentals,  and the missionaries 
who are educating the youth of the Hawaiian Islands have had to 
abandon sounds that the people are unable to pronounce. It is almost 
as difficnlt rightly to hear as.it is correctly.to imitate articulations 
foreign to one's own tongue- travelers hardly ever agree in their 
representations of names that they have heard pronounced by natives. 
Are differences of voice and of auditory perception the result to a 
small extent of organization, but to a greater extent of early edu- 
cation ? One is tempted to believe that such is the case. But experi- 
ment and observation, hitherto very limited, have not yet thrown 
upon this subject the light of scientific truth. 
Words are formed by the combination of vowels and consonants; 
the voice gives utterance to them; this is language which is at first 
governed by convention, and then by grammar, lronunciation re- 
sults from the emission of articulate sounds; its range in pitch is 
usually about one-half of an octave. Cotnmonly the voice rises or 
falls a little at the end of a phrase, producing accent, or marking 
affirmation or interrogation. The adult man, as a rule, speaks in the 
lower.register, children and women in the upper register, but to this 
there are many exceptions. 
Though we all employ speecl b yet we differ in ease and agreeable- 
ness of utterance. The voice is weak or powerful, as determined by 
the mode of action of the respiratory organs. The timbre is sharp, 
harsh, s'weet, or harmonious; this is determined by the conformation 
of the resonant cavities. Whatever quality of voice we hal)pen to 
have naturally, is to be preserved, though it may be improved by 
constant attention to the ear, by steady observation, finally by train- 
ing. Speech does not flow from its source with the same ease in all 
cases" here the mind is master, and mental qualities differ from one 
another to a far greater extent than physical aptitudes. Some per- 
sons express themselves without difficulty or hesitation--their thinking 
faculty acts as a continuous force ; others seem to grasp a word or a 
phrase here and there--their thinking faculty is fluctuating, confused, 
undecided. A certain feeling of constraint produces stuttering, stam- 
mering. It used to be supposed that stuttering is the result of grave 
defects of the vocal organs, but such is not the case at all ; this infirn- 
ity has its seat in the mind, and it may be cured or mitigated by 
systematic effort. It is shown by statistics that Provence, Languedoc, 
and Guienne, contain a greater proportion of stammerers in their 
population than any other portions of France.  This statement, when 

t I for r--Eulope for Europe. 
 9h for d, k for t. This change of pronunciation is not infrequent in some country 
districts of France. 
s ,, Statistique dficennale du bSgaiement en France," par Chervin ginS, Lyon, 1866. 
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flueuce on the. glottic sounds, and we possess no means of measuring 
these qualities. 
The character of the voice is fixed from the time when the larynx 
has reached its full developmeut. So long as the activity of youth 
continues, the voice will retain this character without any very con- 
siderable modification; still, by exercise it will perhaps gain intensity, 
and may be improved in point of timbre. Suppleness and agility of 
the organs are acquired only at the cost of labor; this is shown from 
the history of many a singer. The voice of the young )Iarie Garcia 
was at first harsh and husk. y, but afterward it became the sweet voice 
of 5Ialibran. Still, as a rule, natural physical gifts manifest them- 
selves prior to any attempt at culture. 
As old age approaches, the play of the larynx becomes difficult ; at 
first the tone of the voice is lowered, and then its intensity is lessened ; 
the breath comes with less force. Sometimes disease impairs the in- 
strument before the advent of age. While appearing to be intact, the 
organ often ceases to discharge its functions perfectly, owing to more 
or less serious affection of the nervous action. Iandl has, by means 
of electricity, momentarily restored oices that had been thus de- 
stroyed. Songstresses have now and then irretrievably lost their 
voices in consequence of overstrain of the vocal organs. Here we are 
reminded of the case of Cornelia Falcon. 
Amid the refinements of civilized life, singing is prized only in so 
far as it is an art; when it rises to that dignity, it attracts crowds. 
A man or a woman possessing no matter how fine a voice, must begin 
by going to school. The instrument, whose admirable mechanism 'e 
have seen, is not entirely under control, except after much study and 
long-continued and methodical exercise. This is true of all organs 
subject to the will, as every one knows from experience, as in the 
employment of the hands. Though expert in all the movements of 
the larynx and the mouth, the singer cannot, even with a superb 
voice, produce brilliant effects, save by the aid of mind. From mind 
alone come expression, taste, style, and these qualities are all personal. 
Sensibility, whether real or feigned, is always an element of success. 
The artist is advised never to give way to the passions which he 
expresses, for mental commotion is quickly succeeded by extreme 
fatigue; he may attain a perfect imitation of passions, meanwhile pre- 
serving atranquil mind. Still, are not emotions which are felt lways 
the most communicable ? 
After we have studied the human voice in its various manifestations, 
the voice of animals seems to us to be scarcely worthy of notice. The 
barking of the dog, the mewing of the cat, tle bleating of the sheep, 
undoubtedly constitute a very scanty language. These cries of animals 
do but annoy us; but it must be rcmembered that they are intended 
for other ears than ours. The warbling of small birds alone affords us 
pleasure; it possesses resemblances which cause pleasing illusions ;- it 
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seems to express feelings common to ourselves, and hence we like it. 
The interest attaching to a comparison of the vocal apparatus of 
animals with that of man has long been appreciated, and the hope 
has been entertained of being able to explain the nature of all kinds 
of voice by studying the structure of the organs. Toward the end of 
the last century, Vicq d'_Azyr attacked this problem. Having collected 
larynges of a number of animals, he regarded them with a sort of 
enthusiasm; lie expected to get from them a revelation. "It is a fine 
spectacle," said he, "to see at a glance the structure of those infinitely- 
diversified instruments with which each animal produces, its own 
proper modulations, thus contributing to ature's grand concert." 
The anatomical characters of the vocal apparatus are now pretty 
well known as regards most of the mammalia. The larynx of these 
animals is formed upon the same plan as that of man; in monkeys, 
the resemblance is extreme. The impossibility of speaking is due, as 
we have reason to suppose, to the conformation of the buccal cavity, 
the lips, and the tongue. The studies of naturalists, which as yet 
have not been directed to this point, do not warrant any positive 
statement: nevertheless, the power possessed by some species of 
pronouncing one or two syllables justifies a presumption. Does not 
this vestige of speech indicate the very limited extent of a faculty, 
not even a trace of which is found in most animals. In 1715 the 
great.Leibnitz announced to our Academy the existence in :Meissen 
of a talking dog, "a peasant's dog, of the most ordinary appearance, 
and of medium size." This extraordinary animal had learned, says 
the narrator, some thirty words; these it would repeht after its mas- 
ter. The historian of the Acadmie des Sciences declares that he 
would not have ventured to state such a fact "without such an au- 
thority as :M. Leibnitz, an eye-witness." But, despite so high n 
authority, the story is a fable. Of the most intelligent dog we still 
must say, "All he lacks is speech." Were it not that Nature raises 
an obstacle, surely monkeys that live in the company of man would 
make the attempt to speak. We must conclude that their intelligence 
does not incline them toward this sort of imitation, and that their 
organs are not adapted for articulation. 
It is a curious and very interesting fact that. before receiving in- 
struction of any kind, young deaf-mutes who live together quickly 
discover means of understanding each other, so that they hardly ever 
misinterpret the feelings and wants expressed by the gesticulations, 
touches, and facial-muscle action, agreed upon. This instance of a 
convention between individuals not possessed of the power of employ- 
ing language of necessity carries our thoughts to the actions of cer- 
tain animals. The mammalia have a voice that is susceptible of in- 
flexions and intonations more or less diversified according to the 
species; these they employ in making known to each other their appe- 
tites, their waats, to call one another, to aanounce to one another their 
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presence. It is often said that animals possess only cries but this 
statement is too general. The cat says miau, which is a very plain 
articulation of a labial consonant and three vowels; the word is well 
formed, and one might suppose it to be Chinese. The cat pronounces 
this word in many different ways, each having a meaning. If he 
wants company he announces his presence in a strong voice; if he 
wants to be fed, or to have a door opened, his voice is soft and 
gentle; here is the accent of entreaty. If there is any delay, the tone 
grows higher, showing impatience. There is a slow, weak miau, 
which the French translate into "Comme je m'ennuie !" (" Ilow weary 
I am !') and again there is the wheedling miau, full of pretty modula- 
tions, showing plainly a wish to please. Further, the cat says very 
distinctly ronron, a genuine word formed of trills and nasals; here 
the tongue and the soft palate perform movements which we know 
from our own experience. This ronro now means "Thank you;" 
again, it expresses joy. Vhen moved by a feeling of dislike for an 
individual of his own race, or of jealousy of a rival, the animal spits 
and growls, thus giving utterance to threats and imprecations. 
Theumber of mammals which can articulate syllables is small. 
Sheep utter no sound but that monotonous ha. Some gibbons of 
the island of Java, when hey wish to inspire fear, cry out with fury 
ra ra. For most animals guttural sounds appear to be uttered with 
greatest ease. The dog, though highly gifted as regards memory, 
the sentiment of affection, and intelligence, has no language but only 
cries; he barks. Short, sudden expirations of air through the glottis 
produce this well-known voice; yelping is only a modified form of 
barking, expressive of joy. IIowling is the result of a lengthy ex- 
piration with great resonance in the pharynx; it expresses profound 
grief or pain. Dogs express their wants more frequently by move- 
ments of the body, by the play of the physiognomy, and by touching 
with the muzzle than by the voice. They appear to communicate 
admirably with one another when organizing an expedition ; they in- 
form one another of the presence of objects that gratify their al)- 
petite. We once saw in the midst of a meadow, far frown any house 
the flayed carcass of an ox, which had lain for several days absolutely 
abandoned. A lonely dog, drawn no doubt by the scent, came to get 
a meal, and went back to the village to tell his acquaintance of what 
he had discovered; in less than an hour the carcass was torn in pieces 
by the teeth of a great troop of dogs. 
Opportunities of studying the language of animals in the state of 
freedom are unfrequent; all animals flee from man, and very wisely. 
In captivity, and cut off from their own kind, they become silent, or 
merely utter a few cries or murmurs. Were a human being to be 
held as a prisoner in a family of chimpanzees he wonld be l educed to 
the same extremity. Travelers have sometimes observed monkeys 
when well within range of sight and hearing; they have always oh- 
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and which, in the bat, by their contraction, strike the wings down- 
ward in flight. 
Every one present must have observed, when carving a fowl, that 
there is a ridge or keel to the breastbone, and that a voluminous mass 
of muscle--the breast of the fowl--is situated on each side of such 

FIG. 2.--# e, wrist-bones ; p, bones of thumb ; ma-4, bone of middle part of hands. 

keel. ow, our bat has not got such a mass of muscle on each side 
of the keel of its breastbone as has the bird, and Ibr a 'ery good 
reason. In the bat, as in ourselves, the muscles which antagonize 
those just noticed (and which draw the arms away from the breast) 
are situated in the back; but, in the bird, both the muscles which 
strike the wings downward, and those which raise them upward, are 
together placed upon the breast, and hence its much deeper and 
more conspicuous keel. Still, though the muscular structure of the 
breast of a bat is not so perfectly arranged for flight as is that of a 
bird, it is an approximation to bird-structure, and one we can well 
understand from the similarity of action. But it may puzzle some of 
my hearers at first to think why the mole, of all creatures in the world, 
should have a breastbone at all like that of a bird. But a moment's 
reflection will make it obvious that the mole also requires most pow- 
erful breast-muscles, in order that it may dig its way through the soil 
with the wonderful speed with which it does dig through it. Similar 
causes produce similar effects, and thus it is that the mole, like the bat 
and the bird, comes to have a keeled breastbone. 
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The membrane of the bat's wing is a structure of extreme and 
peculiar delicacy a s regards the sense of touch, and the perfection of 
this sense is doubtless contributed to by a special condition of its 
blood-vessels. Although the sense of touch depends, of course, di- 
rectly on the nerves, the functional activity of the nerves depends 
upon the quantity and the sufficiently rapid renewal of the blood sent 
to them. This is shown by the familiar examples of numbness brought 
about by checking the supply of blood to any part.with a ligature as 
also by the increased sensibility occasioned by inflammation; that is, 
through a more Copious supply of blood. :Now, in most animals, as 
in ourselves, the heart pulsates with rhythmical contractility; but 
the blood-vessels which distribute the blood over the body are not 
themselves contractile, however highly elastic they may be. In the 
bat's wing, however, the vessels which convey blood toward the heart 
(i. e., the veins) have been found by Dr. Vharton Jones to be them- 
selves positively contractile, and so fitted in a most exceptional man- 
her to help on the blood-supply, thus indirectly augmenting the power 
of touch. 
This exceptional condition of the vascular system may, then, have 
something to do with that exceptional perfection of the power of sen- 
sation before referred to, and which was experimentally demonstrated 
by Spallanzani. IIe found, not having the fear of anti-vivisectionists 
before his eyes, that bats deprived of sight, and as far as possible also 
of smell and hearing, were still able not only to avoid ordinary obsta- 
cles to their flight in strange localities, but even to pass between threads 
purposely extended in various directions across the room in which 
the experiments were made. This skill it is believed is due to an exces- 
sively delicate power of sensation possessed by the flying membrane-- 
a power enabling the creatures by atmospheric pressure and vibration 
to feel, before contact, the nearness of adjacent objects. Dr. Dobson, 
who has paid more attention to bats, perhaps, than any other living 
naturalist, is disposed to think , and very reasonably so, that tactile 
power may be thus greatly increased by such increase of the surface 
on which tactile sensations may be received as is found in the bat's 
wing, and that this is the explanation of the mysterious power re- 
vealed to us by Spallanzani. 
The flight of the bat compared with that of most birds is exces- 
sively fluttering; but it is a true and perfect flight, and therefore 
very different from the analogous action of other beasts called "fly- 
ing," such as the flying-squirrels, the flying-opossums, and the flying- 
lemur. In these animals the skin of the flanks can indeed be extended 
outward to the arm and the leg, and when so stretched (as when these 
animals take long jumps) seems as a sort of parachute to sustain them 
somewhat in the air, and so far break their fall as to enable them to 
flit from one bough to another; but they cannot truly fly. The flying- 
lemur is the best furnished in this respect, as it has not only a very 
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The use of this membrane, according to Dr. Dobson, is to serve as 
a tactile organ (like the wings) ; and this is the more probable, seeing 
that that family of leaf-nosed bats which is represented in England 
have the smallest eyes, and are devoid of a tragus or inner part of 
the seemingly double ear before spoken of. 
Bats are divisible into two great groups. One of them includes 
all the insect-eating bats (with or without nose-leaves), more or less 

like the bats which inhabit this country. 

They have almost always 

teeth such as those already described, often a very large tragus to the 
ear, and a stomach short and rounded, or at least not prolonged at 
its pyloric (or more specially digestive) extremity. 
These bats are subdivided into various families, three of which 
alone immediately concern us: 1. The Vestoertilionidee , which in- 
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Neotropical region is not only distinguished as the headquarters of 
the _Phyllostomidee, but also by being altogether destitute of the fly- 
ing-foxes and lhinolophidee. 
Such being the relation of bats to space--their geographical dis- 
tribution--what are their relations to time--their geological distri- 
bution ? 
I assume that my readers are acquainted with the fundamental 
facts and laws of geology, and know that the successive layers, of 
which the superficial crust of the earth is in very various degrees com- 
posed, are classifiable into three sets- 1. The Primary or Palmozoic 
rocks; 2. The Secondary or )Iesozoic rocks (from the Trias to the 
Chalk inclusively); and, lastly, 3. The Tertiary or Cainozoic rocks 
extending upward from the Chalk to the present day. 

FIO. 6.--FLy.o-Fox (Pteropus Whitmed). 

Remains of beasts more or less closely resembling some of those 
existing now in Australia are found low down in the secondary rocks 
namely, in the Triassic and Oolitic formations. Generally speaking, 
however, beasts such as those which now exist are not found deeper 
than the Tertiary strata, and this is the case with bats. 
The oldest fossil bat yet known is represented by a few teeth 
found in Eocene deposits in Suffolk. The oldest perfect fossil bat is 
the Vespertilio -Parisiensis of the gypsum-bed of Iontmartre, near. 
Paris. 
Some forms of existing beasts, however, which are now distinct 
enough, such as the ox and the pig, or the tapir and the horse, were 
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preceded in early Tertiary times by others which were more or less 
ntermediate in structure. This is not the case as regards bats. 
Bats as soon as they appear at all appear as thoroughly and as per- 
fectly organized bats as are those living among us now. 
This leads us to speculate upon questions of origin ; but, before so 
doing, let us see that we have a clear idea of what a bat is, and can 
give a good definition of it. 
In order that we may have this clear idea, we must consider for a 
few moments zoSlogical classification. 
The whole group of animals is fancifully termed the animal king- 
dom in contradistinction to the world of plants--the vegetable 
kingdom. 

Ths vast mass of animals is subdivided into a number of very 
large groups, each of which is a called a sub-kingdom. Thus, we have 
the sub-kingdom to which we ourselves belong--the vertebrate sub- 
kingdom; the sub-kingdom of insects, etc. ; that of snails, cuttle- 
fishes, etc., and so on. 
Each of these various sub-kingdoms is again divided into certain 
subordinate but still very large groups, each of which is called a 
class. 
Thus the sub-kingdom Vertebrata is made up of te class of 
man and beasts, that of birds that of reptiles, that of frogs, toads, and 
efts, and that of fishes. 



Every class is again subdivided into certain subordinate groups 
termed orders. 
Each order is composed of families, each family of genera, and 
each genus of its component kinds or "species." 
Now, the bat, as already said, belongs to man's own class, possess- 
ing as it does all the characters which distinguish that class from the 
other classes of vertebrate animals. 
lIan's own" class, )Iammalia, is divisible into some dozen orders, 
and all the bats form one such order (Cheiro]otera), into which no 
animal but a bat is admitted. The characters of this order are the 
possession of a truly flying membrane, sustained by .'ery elongated 
fingers ; and the bat is capable of being very shortly defined, namely, 
as a truly flying mammal. 
Bats present no real resemblance whatever to .birds, but are, of 
course, much more like ourselves (who are their class-fellows) than 
they are like any bird. 
Similarly, in spite of this analogical relation of bats to those ex- 
tinct reptiles, the pterodactyls, these creatures have no true affinity. 
Pterodactyls are ai!rial modifications of the Reptilian type, just as 
bats are arial modifications of the )Iammalian type. We may say, 
in a rough and general way, as pterodactyls are to reptil.es, so are 
bats to mammals. 
Before concluding we may now glance at the question of the gene- 
sis or origin of bats. To those who accept the doctrine of Evolution 
--as I myself do--there can be no question but that bats did arise by 
natural generation from some anterior beasts which were not bats. 
But at what period and from what progenitors ? these are questions 
Which it is quite impossible to answer, at present. _As has been said, 
there are certain cases in which we may imagine now existing more 
highly specialized and differentiated forms were developed from ante- 
rior less highly specialized and differentiated ones. We may do so, 
e. g., as regards the horse and the ox. But we cannot do so as re- 
gards the bat, because up to the present time no fossil remains what- 
ever have been found vhich connect bats with other creatures, lIore- 
over, the development of the bat's wing, difficult as it is to conceive 
upon any view of evolution, seems to me to be especially difficult as 
the mere result of the survival of the fittest, when we consider the 
origin of the initial stages of the organ. The nearest existing rela- 
tives of the bats which are not bats are perhaps the little shraw-mice 
belonging to the order Insectivora. Some of these are aquatic ; and 
it is conceivable, though there is no fragment of evidence in favor of 
it, that some ancestral aquatic form may have developed long fingers 
and webs like those of the flying-frog. This speculation does not, 
however, commend itself to my mind as a satisfactory one; and 
though, doubtless, could we see all the extinct forms of life which 
have existed during the secondary period, we shOuld find some creat- 
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ures developing by more or less rapid stages along a definite course 
in the direction of tho type of structure selected for our consideration 
to-day, and, though I am ready to make an act of scientific faith in 
the existence of such creatures, I confess my imagination fairly baffled 
in its attempts to depict them, or the road which this particular course 
of evolution tbllowed. We must wait patiently for more light from 
paleontology. But we may wait very hopefully. We may do so 
because the wnderfully rich harvest of fossil remains now being 
gathered in North America supplies us with good and solid ground 
for hope. 
Already forms have been discbvered there so strange that they 
cannot be satisfactorily grouped in any existing order of mammals-- 
forms such as imagination could hardly have anticipated. We may, 
then, not unreasonably expect that sooner or later--perhaps very soon 
--fossils deeply buried in the secondary rocks will come to light, clearly 
pointing out the line which has been followed in the evolution and 
development of the only truly flying mammal--the bat.--I)o2)ular Nci- 
ence teview. 

ON TIlE FORMATION OF LAKES. 

B" I. C. RUSSELL. 

T was not until the studies of Agassiz, Forbes, and others, among 
the Alps of Switzerland, had made us acquainted with the char- 
acter and action of glaciers, that we could at all understand many of 
the most curious and interesting features connected with the forma- 
tion of the multitude of lakes with which we are more or less familiar, 
and which lend so much beauty and grandeur to the scenery of the 
world. 
As some classification is necessary for the understanding of a 
series of facts, we will arrange lakes under four heads : 1. Those filling 
glacier-worn rock-basins ; 2. Those confined by banks of sand, gravel, 
bowlders, etc., or, in one word, by moraines ; 3. Those formed by a 
subsidence of their bottoms, or by the elevation of the country sur- 
rounding them, commonly by the secular changes of "level to which 
the crust of our globe is subject; 4. Lakes filling basins formed by 
volcanic action: 
1. Lakes which fill rock-basins are such as are confined on all 
sides by the common rock of the country, so that in some cases a 
person can walk entirely around them without stepping off the solid 
rock; and in all cases they would be found to have a rocky rim 
inclosing them, were the superficial material removed. How such 
spoon-shaped depressions could be scooped out, was for a long time 
an enigma which eluded the search of the most painstaking observers. 
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As facts accumulated, however, it was noticed that the sides and bot- 
toms of such lakes are smoothed, in many cases polished, and almost 
always covered with grooves and scratches ; and also that in their 
vicinity beds of clay are usually found, intermixed with pebbles and 
large bowlders which, like the rocky basins, are also smoothed and 
frequently scratched. It was noticed, too, that the rock from which 
these bowlders and pebbles had been formed common.ly differed from 
the rocks in place on the shores of the lakes. Thus, throughout lqew 
York and Ohio, huge bowlders are common, composed of crystalline 
rock found in place nowhere nearer than the Canadian Highlands, a 
hundred miles to the northward; while the peculiar native .copper 
of lqorthern Blichigan is sometimes found mingled with the bowlders 
and striated stones of the drift far southward in Ohio. 
The problem now was to discover what forces in lqature could 
polish and scratch both rock-suaces and detached stones, and could 
also transport masses of rock, tons in weight, far from their native 
home. 
It is well known that the loose stones and pebbles along the sea- 
shore are made very smooth and round, and often polished, by the ac- 
tion of the waves. It might be thought from this that the pebbles 
found on the shores of the lakes, and imbedded in the clays, were 
fashioned in the same manner. On one occasion, at the Cape of Good 
Hope, the writer, after wandering for a time along the sloping sandy 
beach of Table Bay, came suddenly to a little rocky cove exposed to 
the full swell of the South Atlantic. As each wave broke on the 
steep, rocky beach and retreated, it was followed by a sharp, rattling 
sound that could be distinctly heard above the roar of the waves ; we 
noticed, too, that the stones all along the shore were in motion, rolling 
down the beach, only to be caught up by the next white-capped wave 
that came in from the ocean, and again carried up the beach, and 
roiled and pounded against each other by the untiring waters, that 
were fast reducing them to sand and dust. On examining these 
water-worn stones, we found them all smoothed and rounded, and 
often beautifully polished; but in no case could we discover, even 
with a magnifying-glass, any that were scratched, or in any way 
marked similarly to the stones which we have so often examined in 
the clays and hard-pans that cover so great a portion of our Northern 
States. From this fact, and also from watching the action of the 
waves on many other coasts, we conclude that the sea tends to 
smooth and wear away the stones and rocks along its shores, but has 
no power to cover them with grooves and scratches ; and that, instead 
of wearing the coast into pockets and basins, it tends only to grind 
down the islands and continents to one uniform level. 
Again, we have traversed the deep, picturesque valleys of the 
southern Alps, where we could see the glaciers glittering on the 
mountain-sides far up at the head of the valley, and have noticed as 
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which fill rock-basins, with the rock-surface fresh from under the ice of 
the Bier de Glace, we shall find them wonderfully similar in their mark- 
ings. The characters that are engraved upon them are the same. 
Not only do we find these markings in connection with the present 
glaciers, but we find also the rock-basins themselves with the glaciers 
yet occupying their upper portions, and still at work grinding down 
the rocks. The best example of this kind, perhaps, in the world, is 
Lake Wakatipu, in New Zealand, which has a length of seventy 
miles, and a depth of 1,400 feet. This lake fills a true rock-basin, and 
bears every indication of having been excavated by the glaciers 
which in the past were greatly extended, and have now retreated to 
the extreme upper end of the valley, while it has no connection with 
synclinal folds or volcanic fractures. 
How can we resist the conclusion, then, that these bowlders, these 
beds of clay full of smoothed and striated pebbles, and these rock- 
basins with their sides covered with inscriptions--which we can now 
read with ease and accuracy if we take the records made by existing 
glaciers, as the Rosetta Stone--are all the work of glaciers, since the 
same results are produced at the present day by the action of ice, 
and by no other agency known ? 
A clearer idea of the manner in which a flowing glacier wears out 
a rock-basin can be gathered, perhaps, from the accompanying dia- 
gram, where the rock// is shown, over which passes the glacier G, 

which wears its bottom less at the lower end, not only for the reason 
that the ice is continually wasting away, and growing thinner in the 
lower portion, but also because the material carried down on the sur- 
face of the glacier is deposited at its extremity 2/, in the form of a 
terminal moraine, and thus protects the rock beneath from further 
waste. V'hen the ice of the glacier is melted away, and the terminus 
retreats up the valley, the basin which it leaves behind it becomes 
filled with water (from 2kr to G), and thus forms a lake, which may be 
a mere pool across which a school-boy can skip a stone, a great inland 
sea like Lake Erie or Lake Ontario, or a mirror of grandeur like Lake 
Geneva or Lucerne, in Switzerland, and Lake Wakatipu and Lake 
Wanaka, in New Zealand. 
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:No description has been given of the newly-discovered lakes of Cen- 
tral Africa, sufficiently accurate to decide to which mode of formation 
they owe their origin, but, as they are situated in the tropics, it will 
probably be found that, like Lake Superior, they fill synclinal valleys. 
To this category belong also the truly great lakes which existed 
in our Western country during Tertiary times, which in the lapse of 
ages became filled with mud and silt, and now ibrm the greater por- 
tion of the rich Territories of Nebraska, Dakota, etc. In this region 
are found, in great numbers, the remains of the huge animals which 
lived in these ancient lakes, and fed (n the luxuriant tropical vegeta- 
tion that overhung their banks. 
The well-known Salt Lake of Utah is another example of a lake 
filling an area of depression, and was of far greater extent in past 
time, as is very plainly shown by the lines of ancient terraces which 
are so sharply drawn between Ogden and Salt Lake City, nearly a 
thousand feet above the present level of the lake. 
4. Lakes of the fourth class, such as owe their formation to vol- 
canic action, are found occupying the bowl-shaped craters of ancient 
volcanoes, which, as their fires became extinct, furnished convenient 
reservoirs for the accumulation of water, and in this manner sometimes 
formed lakes of considerable extent. Streams of lava, also, when 
they chance to flow in such a manner as to obstruct the drainage of a 
valley, may serve as a dam, above which the waters soon accumulate 
and form a lake. 
Besides the kinds of lakes which we have enumerated, there are 
others, which are of rare occurrence and exceptional in their mode of 
formation; such is the beautiful little lake in Switzerland known as 
the Mrjelen-Se% which is formed by the glacier of the Aletsch block- 
ing up the mouth of a tributary valley, and thus forming a wall of ice 
above which the waters accumulate. This ice-dam breaks away 
every few years, and allows the complete and rapid drainage of the 
lake, which often causes great inundations of the valley below. In 
ancient times a similar ice-dam existed in the valley of Glen Roy, 
Scotland, as has been shown by Lyell, which, by damming back the 
waters, formed a lake similar to the Mii:jelen-See. The waves of this 
ancient glacial lake chafed and wore its banks, and thus formed 
terraces at different levels, in the same manner as we often see the 
little ripples on the pools of water by the wayside cut their soft, 
muddy banks into terraces, so that, when the water is evaporated by 
the heat of the sun, their sides are left in a series of little steps ; in 
the same munner, but on a far grander scale, the terraces were formed 
which are known as the Parallel Roads of Glen Roy, that have gained 
a world-wide fame both in science and story. 
In our own country we sometimes find lakes which owe their ex- 
istence to the industry of the beavers, who often build their dams in 
our streams, and sometimes form shallow lakes of considerable extent. 
VOL. IX.--35 
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The lakes to which we have devoted the greatest attention, and 
which are at the same time the most common and the most interest- 
ing, are those which fill glacier-worn rock-basins, to which we hope 
that our little article will attract the attention of some one who will 
give us more light on these wonderful pictures, now but imperfectly 
illuminated. 

AMPHIBIOUS FISHES.' 

By E. SAUVAGE. 
N the swamps of the Gambia, after they have been dried by the 
tropical sun, there are to be found here and there beneath the 
surface clods of earth uniform in shape, and usually about the size of 
a man's two fists. These clods inclose living aninals, which have 
been led by instinct to hide themselves away toward the close of the 
rainy season, and before the coming of the season of drought, by 
burying themselves in the mud while it was yet soft, and before it 
had been hardened by the scorching rays of the sun. 
On breaking one of these lumps of mud, it is found to be a sort 
of pouch or cocoon, with thin walls, and with projections here and 
there corresponding to the form of the animal concealed within. Its 
larger end is rounded, but its narrower end s closed by a slightly 
convex lid with a narrow opening in the centre. If the surface of the 
cocoon be even gently touched, a pretty loud cry is heard which :Nat- 
terer has compared to the mewing of a cat. 
For a long time it was supposed that the animal buried itself 
amid the leaves which surround its protecting sheath. In a special 
memoir published in the Bulletins of the St. letersburg Academy of 
Sciences, Leuckart expressed the opinion that the epidermis, by be- 
coming detached, supplied the materials for this envelope. But since 
his time it has been demonstrated that the cocoon is formed from a 
dense secretion of mucus ; such is the result of observations made by 
Paulson and Richard Owen, and repeated by Auguste Dum6ril, Pro- 
lessor of Ichthyology at the Museum. He has himself witnessed the 
formation of the cocoon, and his description of the process we repeat 
here in his own words. He says: 
"Two protopteri, that had been restorod to freedom by the gradual soften- 
ing of the clods in which they had been inclosed evinced signs, after living for 
a month in an aquarium, that the time had come for them to seek in the soft 
earth covered by the water, the shelter which they require during the dry season. 
Their restlessness, their abundant secretion of mucus, their attempts at burrow- 
ing, all showed an irresistible desire to find a medium different from that in 
which they then lived. 
 Translated from the French, by J. Fitzgerald, A.  
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"I therefore took pains to surround them with conditions analogous to those 
they meet with when, after the water has retreated, the soil first becomes dry, 
and then hardens. The water in the aquarium was drawn off little by little as 
soon as the animals had burrowed into the mud. Three weeks had scaroely 
passed, and already the hardened earth showed a number of cracks; through 
these a small quantity of air is admitted, which supports respiration. 

" On the sevehtieth day I examined the earth, and found that the two ani- 
mals had met with such conditions as enabled them successfully to live hrough 
the artificially-produced dry season: they were enveloped in cocoons, and were 
full of life, as was shown by their motion on being touched ever so lightly. 
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have received from naturalists the expressive r.ame of .Dipnoi, a term 
formed from two Greek words, meaning animals with twofold respi- 
ration. 
Two genera, each comprising only one species, make up this sub- 
class .Dipnoi. Gambia, Zanzibar, Senegal, the region of the White 
Nile, and the Niger, are the native haunts of the .Afi-ican species, the 
.Protopterus annectens, or anguilliformis ; the other species, Zepido- 
sirenparadoxa, is found in the valley of the .Amazonas. 
The latter species is but ill represented in collections; there are 
in Europe only a very few specimens. ".According to Nr. Bates, the 
natives call it zambaki mboya ; this naturalist says that the I, epido- 
siren has even penetrated to the great lakes in the vicinity of the 
Tapajos and the Madeira. M. de Castelnau has caught this animal 
in a marsh on the left bank of the .Amazonas, above Villanova, at a 
place called Caracauca. 
In Z, epidosiren the tail is pointed; the pectoral and ventral fins, 
which stand far apart, are not long, and consist of a single ray, not 
divided into segnents. The general form is that of an eel, with two 
threads hanging on each side. In color the animal is dark brown- 
gray, or olive, with round spots of lighter color, about the size of the 
scales, and indistinct on the head and the middle of the back. The 
species appears to grow to the length of about one metre. 
The protopterus, or Afi'ican representative of the group, is olive- 
green in color, this tint being varied with a number of irregular 
brown or blackish spots. The lower portions are violet. The young 
are marked with fine lines of light color, which cross each other, 
forming a regular network. The extremity of the tail is tapering. 
The .pectoral and ventral fins are long, and consist of one ray made 
up of jointed segments. The bones of the skeleton are of a green 
hue. 
For our first acquaintance with these animals we are indebted to 
the naturalist Natterer, who, during his visit to Brazil, obtained two 
specimens, which he placed in the Vienna Museum. For a long time 
the Protopterus and Zepidosi.ren were classed with those batrachians 
in which the tail persists, as in the axolotl. Later they were consid- 
ered as forming a sort of intermediate class between reptiles and 
fishes, and as forming the connecting link between the two. _At 
present naturalists class.Zepidosiren and Protopterus among fishes. 
The 1)ipnoi are not the only class of animals that bury themseh-es 
in the dried-up mud after the water has been evaporated by the heat 
of summer. There is another fish that does the same--the mud-fish 
(Amia), which is found ill the fresh waters of the United States. The 
Amia, too, is indisputably, a2fis]. There appears to exist some rela- 
tion between this animal's mode of life and the cellular structure of 
its air-bladder. Still, the Amia is not all amphibian, in the strict 
sense of the term. For, though its air-bladder resembles the lung of 
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whole is covered with a glass lid. Jk cylindrical reflector of silver 
directs the sun's rays upon the apparatus. Vith this marmite it 
takes less than four hours to prepare an excellent pot-au-.feu, consist- 
ing of one kilogramme of beef and a quantity of vegetables, the whole 
being perfectly cooked, and very palatable, owing to the fact of the 
heat being applied with great regularity. " 
In this form of marmite, now superseded by a simple glass vessel 
fixed at the focus of a conical mirror of silver-plated brass, fruits 
pot-atoes, all sorts of legumes, meats, and grains, are cooked by solar 
heat. So, too, an infusion of tea or coffee can be readily prepared and 
for this purpose we may employ one of those bottles of colored glass 
in which Lyons beer is put up. To cook legumes or grains rapidly, a 
different course may be taken. A closed vessel containing water is 
set in the focus of the reflector, and, when the liquid begins to boil 
the upper portion of the vessel is connected by a tube with the bot- 
tom of another containing the legumes or grains which are quickly 
cooked by the steam. 
To transform the marmite into an oven, a disk of wrought-iron is 
placed beneath the glass lid, and in less than three hours a kilogramme 
of bread is baked. The crust is hard and brown, and the pith light 
and well raised, as with bread baked in an ordinary oven. 
The roasting of meat, not requiring the same amount of heat as 
does the vaporization of an equal weight of water, can be performed 
in the open air, by the action of the solar reflector alone, the piece of 
beef, veal, or mutton being fixed upon a spit. In less than an hour we 
have in this way a very fine roast. The use of butter must be avoided, 
lest the chemical rays, by transforming the butter into butyric acid, 
should spo.il the flavor of the meat. By interposing a pane of green 
or red glass we can intercept the chemical rays which cause this fer- 
mentation, and then the result leaves nothing to be desired. 
By substituting for the two lidg of the solar marmite an alembic- 
head, the apparatus can be used for the purposes of distillation. To 
this end the alembic-head is connected, by an horizontal tube, with a 
worm, the latter descending in the form of a helix and dipping into a 
constant current of cold water, while the metallic vessel containing 
two litres of wine, is inclosed in the glass cylinder and set in the 
focus of the reflector. The alcohol is collected after forty minutes 
of exposure to the sun. Inasmuch as the apparatus grows hot slo.wly 
and continuously, the alcohol is highly concentrated and possesses a 
very agreeable aroma. 
In all the foregoing experiments, I. h[ouchot at first used concave 
silver mirrors, cylindro-parabolic in form, i. e., cylindrical mirrors whose 
base-line is an open curve resembling a parabola. The reflecting 
power of cylindrical mirrors increases in proportion to their aperture 
and hence the time required, for instance, to boil a litre of water is 
inversely as the aperture of the mirror, i. e. the greater the aperture 
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A steam-engine consists of two principal parts, the boiler and the 
engine proper, or motor. ]Ve suppose that with the boiler employed 
at Tours we can use the common motors ; this is one of the advantages 
possessed by the solar apparatus, viz., that it does not require a special 
form of motor. At first the inventor employed for his demonstrations 
a double-acting engine, without either condensation or detention of 
steam, the cylinder of which had a capacity of one-third of a litre. 
This engine performed eighty strokes per minute, with a steady press- 
ure of one atmosphere; it continued to work even under a slightly- 
clouded sun. This was later superseded by a rotary engine, that is, 
an engine with revolving cylinder, which avoids all transmission of 
movement; but the system is faulty. Yet this engine worked very 
well, driving at high velocity a little pump for raising water;the 
pump, however, being of weak construction, became disabled. It is 
a pity.that the inventor has never measured the real work performed 
by his engine, by means of a dynamometer. 
The solar reflector, being first of all a furnace using fuel that costs 
nothing, is not only of use as a means of developing motive force 
but can also be employed for a multitude ot" purposes--for instance, 
distilling water to make it fit for drinking, concentrating and crystal- 
lizing saline solutions, preparing alcohol, etc. 'ive litres of wine can 
be distilled in a quarter of an hour by passing the vapor from the 
apparatus into a still. The manufacture of alcohol from grain, sugar- 
cane, or beet-root, would be equally easy. The steam generated by 
this apparatus can also be employed for cooking fodder for cattle. 
5I. hIouchot has devised a form of small marmites, quite diffel"ent 
from his large steam-generator. These can be used by hunters for 
preparing their meals, and explorers of great deserts will now have 
something besides camel or buffalo chips for cooking their victuals. 
5Iany and varied are the uses of this curious invention. The aro- 
naut can with its aid propel his air-ship. Hot-air motors and ammo- 
nia engines will be benefited by the use of the solar receiver; but it 
is especially in tropical countries that it is destined to find immediate 
employment, in driving the various kinds of machinery used in-sugar 
and cotton plantations, in distilling impure water to make it fit for 
drinking, in crystallizing saline and saccharine solutions, in pumping 
water of irrigation, in manufacturing ice by means of the Carr6 ma- 
chine, etc. In those, countries fuel is scarce, firewood is not abundant, 
and coal, which has to be imported from a distance, often from the 
mines of England, commands an exorbitant price. Already in south- 
ern countries sea-salt is obtained purely by the action of solar heat. 
In Chili and in 5Iauritius, salt-marshes are divided into compartments, 
with walls and roof of glass, in order to promote evaporation ; so in 
the famous nitre-beds of Iquique, on the coast of Peru, the salt might 
be crystallized by solar heat alone. 
The cost of  solar apparatus of half a horse-power, like that 
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at Tours, does not exceed fifteen hundred francs, and, when the manu- 
facture is carried on upon a large scale, will be much less. By sub- 
stituting for the silver plate, which is the most costly portion of the 
reflector, brass with a thin coat of silver, which will serve the pur- 
pose equally well, a considerable reduction of cost is effected. 
As the insolation surface, and consequently the power of the 
paratus, is quadrupled when the diameter of the mirror is doubled, it 
will be easy to construct large generators without adding very much 
to the cost or complicating the mechanism. The one thing to be 
avoided in this case will be too great intensity of heat. It cannot be 
objected that the conical reflector takes up too much room, for a com- 
mon steam-engine occupies considerable space likewise with its long 
boilers and its high chimney; as for the motor, properly so called, 
and the contrivances for transmitting the power, they are the same in 
both cases. 
The strongest winds, at least in our latitudes, have no action on 
the reflection of the solar heat, or upon the mirror itself, which is not 
shaken by them. This is an important point, for this is an apparatus 
which must always be exposed in the open air. In regions where the 
wind-storms are more severe than they are here, the reflector might 
be staid and strengthened with iron ribs, so as to resist the most 
violent cyclones. It has been demohstrated that the bell-glass, even 
when highly heated by the direct radiation from the boiler, is in no 
danger of breaking, even when a cold rain falls upon it, and that it 
is even proof against hailstones; and now that a process has been 
invented for tempering glass and making it almost unbreakable, we 
can without difficulty obtain bell-glasses strong enough for any emer- 
gency. 
Experience will hereafter lead to many improvements now un- 
thought of; but even as it stands to-day the solar engine at Tours is 
ready to pass from the speculations of theory to the application of 
practice. It is neither over-costly, nor difficult to set up, nor so com- 
plicated as to require great skill in managing it ; and, from whatever 
point of view we regard it, it meets and overcomes all objections. 
We may say that it lends itself to every industrial use in which solar 
heat can be employed, especially intropical ccuntries where the ab- 
sence of all kinds of fuel for industrial uses is severely felt. In the 
not distant future, in other countries, to% there will exist no other fuel 
than the sun, no other engines than those driven by solar heat. By that 
time no doubt the means of storing up this heat will have been dis- 
covered, for in our latitudes we shall have to make provision against 
cloudy days and seasons of rain, which unfortunately constitute the 
major part of the year. 
It may appear to be a pleasant paradox to say that future genera: 
tions, after the coal-mines have been exhausted, will have recourse to the 
sun for the heat and energy needed in manufacture and in domestic 



economy. Still, nothing could be plainer than this. In our day, 
when it is probable that force, motion, gravity, heat, light, electricity, 
magnetism, are simply modifications of one and the same agent, and 
the effect of the vibrations of that impalpable and invisible fluid known 
as ether, the assertion that the sun is the only fuel, the only force, 
must not call forth*anywhere the smile of incredulity. All fuels, all 
forces, are to be regarded as only parts of the sun's heat. What is 
coal ? Fossil carbon. And was not this carbon fixed in plants by the 
sun's heat, of which it is the equivalent ? Under the action of solar 
radiations the carbonic acid in the atmosphere is decomposed on con- 
tact with plants; the carbon is fixed in the plant, and the oxygen 
goes back into the air to serve for the respiration of animals. Hence, 
no sun, no vegetation; no vegetation, no carbon ; no carbon no coal. 
Coal, in burning, gives up the solar heat which was stored up in it, 
and therefore it was that, on seeing a locomotive engine move, Ste- 
phenson said" "It is not the coal that drives this engine, it is the sun's 
heat stored up in the coal thousands of ages ago; locomotives are but 
the horses of the sun." Ve might make a like comparison with re- 
spect to wine and the alcohol it contains; and the Bordelais use no 
mere figure of speech when they speak of their admirable Sauterne 
wine as being "bottled sunshine." 
When water rises in the shape of vapor, what is it that causes it 
to ascend ? The heat of the sun. If it comes down as rain forming 
torrents and brooks which feed our mill-races and drive our mills, 
what is it that turns the wheel ? The sun, for it was the sun that in 
the first place raised the water. When the wind blows upon the 
sails of a windmill, or on the sails of a ship, what is it that drives the 
mill or propels the ship ? The sun, for wind is simply an atmospheric 
current produced by the heating of a stratum of air which, being 
dilated by the sun, tends to an equilibrium with strata of the same 
density, and hence rises, while a volume of cooler air takes its place. 
And what are the tides, the propulsive power of which there is some 
thought of utilizing, whether directly by means of water-wheels, or 
indirectly by compressing air and so producing a constant supply of 
force ? They are a portion of the heat of the sun, for the seas are 
formed by the coming together of all those torrents and rivers which 
descend into their common reservoir, the ocean. Then, too, the tides 
are the result of the combined attraction of sun and moon upon the 
earth. Thus we find that the sun is always and everywhere active. 
It is, therefore, no paradox to regard the sun as the one source of 
fuel in the future, and as the reservoir of force to which generations 
to come will at no distant day have recourse. Hence it is that savants 
and great engineers, as Euclid, Archimedes, Hero, Salomon de Caus, 
Buffou, Sa.ussure, BSlidor, Evans, Herschel Pouillet, Ericsson, have in 
every age put to themselves the question how it might be possible to 
take from the sun a part of its heat for the benefit of this poor globe. 
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The same means will serve in storing solar heat, and, if need be, ship- 
ping it to a distance. We have barely outlined the idea, but certain 
we are that at the proper time the scientific man will appear who shall 
discover a practical method of doing this. 
The sun, as it would appear, will be the fuel of the future, and one 
might say that this was foreseen by the great encyclopmdic scholar 
of the middle ages, Dante, when in his incomparable poem he said, 
" Guarda il calor del sol che si fa vino "--" Look at the sun's heat 
which changes into wine"--as though he meant to say, into all that 
is force, all that is life, all that is light.--levue des Deux J]fondes. 

THE REVIVED THEORY OF PHLOGISTOI. 

BY WILLIAM ODLING 1I. B. F. R. S. 
FULLERIAN PROFESSOR OF CHEMISTRY ROYAL INSTITUTIOI. 
N 1781-'83, Cavendish showed that when inflammable air or hydro- 
gen, and dephlogisticated air or oxygen, are dxploded together 
in certain proportions,  almost the whole of the inflammable and 
dephlogisticated air is converted into pure water" or, as he elsewhere 
expresses it, "is turned into water." 
On June 24, 1783, the experiment of Cavendish was repeated on a 
larger scale and in a somewhat differen form by Lavoisier, who not 
only confirmed the synthesis of the English chemist, but drew from it 
the conclusion--at first strongly contested, then rapidly acknowledged, 
and since never called into question--" that water consists of inflam- 
mable air united to dephlogisticated air," or that it is a compound of 
hydrogen and oxygen. 
This conclusion, so opposite to his own preconception on the 
matter, Lavoisier subsequently confirmed by an analysis of water. 
He found that iron, heated to redness and exposed to the action of 
water-vapor, became changed, by an abstraction of oxygen from the 
water, into the self-same oxide of iron procurable by burning the metal 
in oxygen gas--the other constituent of the water, namely, its hydro- 
gen, being freely liberated. 
With the demonstration by Lavoisier of the composition of water 
began the triumph of that antiphlogistic theory which he had con- 
ceived, in a necessarily imperfect form, so far back as 1772, or before 
the discovery of oxygen, and had brought to completion by the aid of 
every successive step in pneumatic chemistry, achieved by himself or. 
by others. 
In 1785, the relationship to one another of hydrogen and water, 
being then conclusively established, Berthollet declared himself a con- 
vert to the new theory of combustion put forward by his countryman. 
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of decisive experiments; I will select a few, which may at the same time con- 
firm what has been advanced concerning the constituent parts of sulphur. 
"From the analysis or decomposition of sulphur effected by burning, we 
have concluded that the constituent parts of sulphur are two--an acid which 
may be collected, and an inflammable 2rinci21e which is dispersed. If the 
reader has yet acquired any real taste for chemical truths, he will wish to see this 
analysis confirmed by synthesis ; that is, in common language, he will wish to 
see sulphur actually made by combining its acid with an inflammable principle. 
It seldom happens that chemists can reproduce the original bodies, though 
they combine together all the principles into which they have analyzed them ; 
in the instance however, before us, the -reproduction of the original bstance 
will be found complete. 
"As the inflammable principle cannot be obtained in a palpable form sepa- 
rate from all other bodies, the only method by which we can attempt to unite it 
with the acid of sulphur must be by presenting to that acid some substance in 
which it is contained. Charcoal is such a substance; and by distilling powdered 
charcoal and the acid of sulphur together, we can procure a true yellow sul- 
phur, in no wise to be distinguished from common sulphur. This sulphur is 
formed from the union of the acid with the phlogiston of the charcoal; and 
the charcoal may by this means be so entirely robbed of its phlogiston thai it 
will be reduced to ashes, as if it had been burned .... 
"I will in this place, by way of further illustration of the term phlogiston I 
add a word or two concerning the necessity of its union with a metallic earth1 
in order to constitute a metal. Lead it has been observed when melted in a 
strong fire burns away like rotten wood ; all its properties as a metal are de- 
stroyed, and it is reduced to ashes. If you expose the ashes of lead to a strong 
fire they will melt; but the melted substance will not be a metal, it will be a 
yellow or orange-colored glass. If you pound the g]ass and mix it wiih char- 
coal-dust or if you mix the ashes of the lead with charcoal-dust, and expose 
either mixture to a melting heat, you will obtain, not a glass, but a metal, in 
weight, color, consistency, and every other property, the same as lead. The 
ashes of lead melted without charcoal become glass; the ashes of lead melted 
cith charcoal become a metal. The charcoal, then, must have communicated 
something to the ashes of lead, by which they are changed from a glass to a 
metal. Charcoal consists of but two things---of ashes and of phlogiston; the 
ashes of charcoal, though united with the ashes of lead would only produce 
glass; it must, therefore1 be the other constituent part of charcoal or ph]ogis- 
ton which is communicated to the ashes of lead, and by a union with which 
the ashes are restored to their metallic form. The ashes of lead can never be 
restored to their metallic form without their being united with some matter con- 
taining phlogiston, and they may be reduced in their metallic form by being united 
with any substance containing phlogiston in a proper state, whether that sub- 
stance be derived from the animal, vegetable, or mineral kingdom ; and thence 
we conclude not only that phlogiston is a necessary part of a metal, but that 
phlogiston has an identity belonging to it from whatever substance in Nature 
it be extracted. And this assertion still becomes more general, if we nay be- 
lieve that metallic ashes have been reduced to their metallic form both by the 
solar rays and the electrical fire." 

The foregoing account by Dr. Watson is almost a translation from 
StahPs "Zymotechnica Fundamentalis, simulque experimentum no- 
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ed, more adapted to the needs of the time, than the partial truth 
which it displaced. To him chemists are indebted for their present 
conception of material elements; and especially for their knowledge 
of the part played by the air in the phenomena of combustion, where- 
by oxygenated comlounds are produced. The phlogistians, indeed, 
were not unaware of the necessity of air to combustion, but, being 
ignorant of the nature of air, were necessarily ignorant of the func- 
tions which it.fulfilled. To burn and throw off phlogiston being 
with them synonymous expressions, the air was conceived to act by 
somehow or other enabling the combustible to throw its phlogiston 
off; and a current of air was conceived to promote combustion by 
enabling the combustible to throw its phlogiston off more easily. 
5Ioreover, contact of air was not essential to combustion, provided 
there was present instead some substance, such as nitre, which, 
equally with or even more effectively than air, could enable the com- 
bustible to discharge itself of phlogiston. But, while the phlogis- 
tians, on the one hand, were unaware that the burnt product differed 
from the original combustible otherwise than as ice differs fl'om water, 
by loss of energy, Lavoisier, on the other hand, disregarded the no- 
tion of energy, and showed that the burnt product included not only 
the stuff of the combustible, but also the stuff of the oxygen it had 
absorbed in the burning. But, as well observed by Dr. Crum-]3rown, 
we now know "that no compound contains the substances from which 
it was produced, but that it contains them minus something. We 
now know what this something is, and can give it the more appro- 
priate name of potential energy ; but there can be no doubt that this " 
is what the chemists of the seventeenth century meant when they 
spoke of phlogiston." 
Accordingly, the phlogistic and antiphlogistic views are in reality 
complementary and not, as suggested by their names and usually 
maintained, antagonistic to one another. It has been said, for exam- 
pie, that, according to Stahl, the product of combustion is simple, and 
the combustible a compound of the product with imaginary phlogiston 
--which is false ; whereas, according to Lavoisier, the combustible is 
simple, and the product a compound of the combustible with actual 
oxygen--which is true. But in this case, as in so many others, every- 
thing turns upon the use of the same word in a different sense at dif- 
ferent periods of time. Vhen Lavoisier spoke of red lead as being 
metallic lead combined with oxygen, lfe meant that the matter or stuff 
of the red lead consisted of the matter or stuff of lead plus the matter 
or stuff of oxygen. But, when the Stahlians spoke 6f metallic lead be- 
ing burnt lead combined with phlogiston, they had the same sort of 
idea of combination in this instance as others have expressed by say- 
ing that the weight of a body is compounded of its matter and its 
gravity ; or that steam is a compound of water and heat ; or, to use a 
yet more Lavoisierian expression, that oxygen gas itself is a compound 
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of the basis of oxygen with caloric. It is not, then, that the one state- 
ment Stahlian or Lavoisierian, is false and the other true, but that 
both of them are distorted because incomplete. Chemists nowadays 
are both Stahlian and Lavoisierian in their notions, or have regard 
both to-energy and matter. But Lavoisierian ideas still interfere very 
little with our use of the Stahlian language. Vhile we acknowledge 
that in the act of burning the combustible and the oxygen take equal 
part, just as in the act of falling the weight and the earth take equal 
part, yet in our common language we alike disregard the abundant 
atmosphere and abundant earth as being necessarily understood, and 
speak only of the energy of the combustible and of the weight, which 
burn and fall respectively. Vhatever may be the fault of languag% 
however, chemists do not omit to superpose the Lavoisicrian on the 
Stahlian notion. Theyrecognize fully that it is by the union of the 
combustible with oxygen that phlogiston is dissipated in the form of " 
heat; and, further, that phlogiston can only be restored to the burnt 
combustible on condition of separating the combustible from the oxy- 
gen with which it has united, just as energy of position can only be 
restored to a fallen weight on condition of separating it to a distance 
from the surface on which it has fallen. 
That Stahl and his followers regarded phlogiston as a material 
substance, if they did so regard it, should interfere no more with our 
recognition of the merit due to their doctrine, than the circumstance 
of Black and Lavoisier regarding caloric as a material substance, if 
they did so regard it, should interfere with our recognition of the 
merit due to the doctrine of latent heat. But, though defining phlo- 
giston as the principle or matter of fire, it is not at all clear that the 
phlogistians considered this matter of fire as constituting a real body 
or ponderable substance ; but rather that they thought and spoke of it 
as many philosophers nowadays think and speak of the electric fluid 
and luminiferous ether. The nondescript character, properly ascriba- 
ble to phlogiston, is indicated by the following quotation taken from 
5lacquer's "]lSmens de Chymie Th4orique" (1749). It must not, of 
course, be forgotten that the popular impression as to phlogiston hav- 
ing been conceived by its advocates as a material substance having a 
negative weight or levity, is erroneous, and is based on an innovation 
that was introduced during the struggling decadence of the phlogistic 
theory, and advocated more particularly by Lavoisiers subsequent 
colleague, Guyton de Iorveau, in his "Dissertation sur le lhlogistique, 
considSr4 comme Corps grave, et par Rapport aux Changemens de 
Pesanteur qu'il produit dans les Corps auxquels il est uni" (1762). 
Iacquer writes as follows: 
"'b fatter of the sun, or of light,  phlogiston  'fire,  sulphur-principl%  
' inflammable matter --such are the names usually employed to designate the 
element fire. But no precise distinction appears to have been drawn between 
fire viewed as a principle in the composition of a body, and fire when it stands 



TtI.E REVIVED THEORY Ote .P.tfI, OGISTO.,'V. ;6 9 

alone and in its natural state. Viewed under the latter aspect, the terms fire,' 
 matter of the sun, of light, and of heat,' are specially appropriate to it. Under 
such conditions, it is a substance which may be regarded as made up of infini- 
tesimal particles, agitated by a very rapid and continuous motion, and hence 
essentially fluid. This substance, of which the sun is, as it were, the general 
reservoir, is emanating thence constantly, and is universally distributed through- 
out all bodies known to us, though not as a principle, or as essential to their con- 
stitution, inasmuch as we may deprive them of it--at least in great measure-- 
without their suffering the least decomposition in consequence .... Yet the 
phenomena presented by inflammable substances in burning show that they 
really contain the matter of fire as one of their principles .... Let us, there- 
fore, investigate the properties of this fire which has become fixed, and en- 
tered as a principle into bodies. To it we will specially assign the name of 
'inflammable matter,' 'sulphur-principle,' and 'phlogiston,' to distinguish it 
from pure fire." 

Again, much the same thing is to be found in BaumS's "Manuel 
de Chymie" (1765) ; as, for example: 
"We consider fire in two different states: when it is pure, isolated, and 
forming no part of any compound .... when it is combined with other sub- 
stances, forming one of the constituent principles of compound bodies .... We 
have no certainty whether or not fire possesses weight. There are experiments 
oro and contra .... During the combustion of substances, combined fire is re- 
duced to elementary fire, and is dissipated as the process goes on. The famous 
Boerhaave, however, is not of this opinion ; he says that, were this the case, the 
amount of elementary fire in ature must increase ad infinitum .... But it is 
easy to reply to this objection by saying that, as we have the right to presume, 
the elementary fire discharged from bodies combines with other substances, and 
that it loses all its properties as free fire on becoming a constituent principle of 
bodies into the composition of which it enters .... The principle here spoken 
of is that to which Stahl has given the name of phlogiston." 
In interpreting the above and other phlogistic writings by the 
light of modern doctrine, it is not meant to attribute to their several 
authors the precise notion of energy that now prevails. It is con- 
tended only that the phlogistians had, in their time, possession of a 
real truth in Nature which, altogether lost sight of in the intermediate 
period, has since crystallized out in a definite form. "I trust," said 
Beccher, "that I have got hold of my pitcher by the right handle." 
And what he and his followers got hold of and retained so tenaciously, 
though it may be shiftingly and ignorantly, we now hold to know- 
ingly, definitely, and quantitatively, as part and parcel of the grandes 
generalization in science that has ever yet been established. 
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exists no longer in the adult organism, it is present only in the 
bryonic. It is supplanted by that of the blood proper. Coincidentally 
with the joint  at the frontier of the articulate sub-kingdom there 
occurs a heart to circulate the blood, fibrine, and with it an order of 
floating corpuscles more highly organized in the fluids; a wondrous 
development of the muscular apparatus, strie in the muscle-cell a rapid 
increase in the dimensions of the cephalic ganglia and in those of the 
organs of the special senses. It is here in the history of the reproduct- 
ive system that the dioecious character is first unquestionably assumed. 
These are noteworthy events in the ascensive march of organic archi- 
tecture."- (D. WILLIX]IS, .Magazine of 1Vatural History, 1854.) 
The armor-plates of the cylindrical _ulus are composed of a semi- 
crustaceous hard substance but in the Scolopenclridw which our 
' false wire-worm  closely approaches, the integuments are of a flexible 
chitinous substanc% the back of each segment is covered by a plate, 
the ventral surface by a somewhat smaller plate, the epimeral por- 
tions, as well as the interspaces between the somites are covered by 
a loosely-fitting coriaceous membrane of much thinner texture. 
The circulating system has been a battle-ground for men with great 
reputations. The nervous and reproductive systems, and the develop- 
ment day by day from the ovum have been drawn out with elaborate 
minuteness by :Newport, in "t)hilosophical Transactions" for 1841 
and 1843, but I have not fallen in with a drawing of their tracheary 
system which is well worthy of careful study. 
The spiracular orifices are not placed as in insects between the seg- 
ments, but in the side of each, a little below the dorsal plate ; they are 
not minute apertures, nor vertical slits, neither are they furnished 
with "guards ' of setm or hairs, to exclude dust and foreign bodies ; 
but they are circular openings, each with a well-defined hard-looking 
ring, over which the tough but pliable lateral membrane passes, lining 
the entrance, which is directed slightly backward, and can be closed 
by a sphincter-muscle. The trachem are very large in the anterior seg- 
ments, occupying no small portion of their internal cavities, but they 
decrease in diameter in proportion as the segments recede from the 
head; possibly there may be need for a more abundant supply of 
oxygen in the region of the brain, and in the first-formed portions of 
the body, than in the equally large but more remote additions which 
are from time to time developed near the caudal extremity. 
Let us detach half a dozen pairs of spiracles, with their tracheal 
appurtenances complete, from the dissected tail-end of Geopilus the 
much maligned, float them on to a slide, and bring the "two-thirds 
objective" to bear upon them. 
A ladder of shining silver, a very Jacob's ladder, bright and beau- 
tiful enough to have been let down from heaven for the feet of angels. 
The six uprights and the cross-rungs are all constructed of the 
same tubular wire rope glistening with a dazzling metallic lustre and 
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would understand the theory and constitution of a soap-bubble. The 
course which I shall adopt this evening is, in the first place, to study 
the laws and forces which are in operation on the surface of a liquid, 
and after that I shall try to show you how they may be used to ex- 
plain the phenomena which we observe in the short but brilliant life 
of a bubble. 
I have upon the wall a diagram on which three of the principal 
properties of the surface of a liquid are enunciated. That to which 
I wish first to draw your attention is that the surface of a liquid is in 
a state of tension. It is necessary that before we go any further you 
should have a clear comprehension of the meaning of this word "ten- 
sion." I have here a piece of India-rubber, and if I stretch it with my 
hands I throw the whole of it into a state of tension. The peculiar- 
ity of this state is that, if I were to divide the India-rubber into two 
portions with a sharp knife, the parts, no matter where the incision 
was made, would instantly fly in opposite directicns, and each would 
become shorter. But what each of those parts would then actually 
do--that is, contract or become shorter--each is now tending to do ; 
but, since it could only become shorter by elongating the other part, 
and as that is pulling in an opposite direction with equal force, the 
two forces neutralize one another, and the whole remains in a state of 
rest, and also in a state of tension. If, then, we generalize from this 
particular instance, we may define a state of tension as follows : that 
a body is said to be in a state of tension when each of any two parts 
into which it may be divided tends to contract and to expand the other. 
You observe, then, that the tendency of one part to extend the other 
is the criterion of a state of tension ; and I will now show you a cou- 
ple of experiments which will, I think, enable me to prove that it 
exists in the surface of a liquid. 
I have here a small iron ring, and stretched loosely across it, from 
side to side, there is a piece of cotton. I dip it into a vessel contain- 
ing some of the soap-mixture I used just now, and it comes out with 
a film adhering to it precisely in the same way as the funnel did. 
now show you upon the screen the image of the ring, with the thread 
stretching across it, and resting upon the thin liquid film. If what 
I have just been saying be true--if each portion of the film be in a 
state of tension--then each of the parts into which the thread divides 
it is tending to contract and to expand the other. Thus, the thread 
is acted upon by two forces: the portion of the film to the right is 
tending to pull it to the right, and the portion on the left is tending 
to pull it to the left; but, inasmuch as these two tendencies are equal 
and opposite, the effect upon the thread is as if they did not exist; 
that is to say, it will remain at rest in any position on the film. I 
will now move the thread about on the film with a wire, showing that 
it will remain wherever I place it. I distort it and put it in any 
position I like. Let us, however, consider what will happen if I break 
VOL. X.--37 
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the film upon one side of the thread, and leave it uninjured upon the 
other. The surface-tension, destroyed upon one side, will remain in 
action in the unruptured film, and therefore we should expect the 
thread to bd pulled toward the uninjured side. XVe can easily put 
the matter to the test of experiment. I break one side by touching it 
with a hot wire, and what we foresaw occurs, the thread is instantly 
pulled toward the side which tile wire did not tear. This experi- 
ment proves that the surface of a liquid is in a state of tension. 
I have, however, another experiment to show you upon the same 
point, which will add to our knowledge upon the subject, for it will 
not only show that the tension exists on the surface, but that in dif- 
ferent liquids it exists in different degrees of intensity. You now see 
upon the screen the image of a few drops of colored water, which are 
placed upon a glass plate. I dip a glass rod into some pure water, 
and touch the colored film with the drop which adheres to the end. 
As you see, nothing very particular happens. There is only a slight 
diminution of the blueness in the centre, owing to the fact that the 
colored water has been mixed with the pure water. :Now, I will dip 
the rod into alcohol, and you will see a different result. _As soon as 
I touch the blue water with the alcohol a motion occurs, and it moves 
rapidly away from the point at which the contact took place. :Now, 
let us consider shortly what the explanation of this phenomenon is. 
The silrfaceof the water and the surface of the alcohol are alike in a 
state of tension; but the tension of the surface of the water is greater 
than that at the surface of the alcohol. _At the moment I put the drop 
of alcohol upon the water we had a small drop of alcohol surrounded 
by a large quantity of water, and between the two there was a line of 
demarkation, which we may, for simplicity's sake, liken to the thread 
you saw just now. When I destroyed the force of the tension in the 
first experiment on the one side, the force which remained on the other 
side pulled the thread toward it. In this case the force was acting 
on both sides ; but the force at the surface of the water pulling away 
from the centre of the alcohol-drop was greater than the force at the 
surface of the alcoh.ol-drop pulling toward its centre. The conse- 
quence was, that we obtained a motion in the direction in which the 
greater force was acting--that is, in the direction in which the water 
was pulling away from the centre ; and this continued--the water and 
alcohol moving farther and farther away, until the two became entire- 
ly mixed together. An experiment similar to this may be performed 
after dinner in the evening: When we pour some wine into a glass 
we generally in doing so wet the sides, and the result is, a thin film of 
liquid adheres to them above that portion of the glass which is filled 
with wine. This film soon contracts into drops, and each of these 
drops consists, as all wine does, of a mixture of water, alcohol, and 
certain other substances, the presence of which we may for the mo- 
ment neglect. Alcohol, as you know, is an extremely volatile fluid, 
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liquids, namely, that their surfaces tend to become as small as possi- 
ble and we may extend the law to another and very interesting case. 
Let me suppose for a moment that I tale a mass of clay: it is 
evident that I could mould it into an infinite number of different 
forms; each of these forms might have precisely the same volume, 
might occupy exactly the same space, but they might all have very 
different surfaces. For instance, if I took a rolling-pin and rolled the 
clay out into a thin disk, and then compressed it into a round ball, it 
is evident that, although the volume might be precisely the same in 
the two cases, the area of the surface would be much greater in the 
disk than in the ball. low, in the experiment I showed you last, the 
film moved up the tube, because it had a tendency to diminish its sur- 
face as far as possible; but, if I had continued the experiment longer 
L-if I had allowed the film to move up to the narrowest part of the 
tube, it would even then, only in part have satisfied this tendency, 
and not have done so completely--it would have attained the smallest 
surface possible under the circumstances, though not the smallest 
possible surface. The reason why it would not have done so is this : 
that forces were acting upon it other than that which tended to make 
it contract, for it was also affected by the force of adhesion to the 
sides of the glass tube ; and, as a matter of fact, liquids are ordina- 
rily subjected to the action of no less than three distinct sets of forces. 
The first of these is the attractive influence of the earth, or the weight 
of the liquid ; the second is the adhesion of the liquid to the sides of 
any solid vessel in which it may be contained; and the third class 
comprises those forces which are at play in the liquid itself. It is 
evident, then, that the form which a liquid takes will not be due to 
any one of these, but to all three. The form which it would assume 
if left to the action of its molecular forces will be modified in the first 
place by its weight, and in the next by the adhesion to the sides of 
the solid vessel. Hence the question arises, if we take a liquid free 
from both these disturbing forces--free from the attractive influence 
of the earth, or practically so, and free also from the force of adhe- 
sion to the side of the solid vessel--which of all the possible shapes 
into which I might mould my mass of clay would the liquid assume 
so as to have the smallest possible surface ? This question we are 
able to answer very easily by means of experiment, and the method 
by which we do so depends upon the application of an extremely sim- 
ple principle. When we place a stone in a mass of water we have, in 
order to immerse it entirely, to push aside, to remove to the right and 
]eft, a certain quantity of water, the volume of which is precisely equal 
to the volume of the stone; and the stone sinks to the bottom, be- 
cause its own weight is greater than the weight of the water which it 
has so displaced. A piece of cork, on the other hand, would rise to 
the surface, because its weight is less than the weight of the water 
equal in volume to itself. 
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thus become smaller. I will blow a bubble at one end of a glass 
tube, and leave the tube open at the other end ; we shall thus have a 
small hole ibrmed in one side of the bubble, which, if our theory is 
correct, will gradually contract and disappear. You now see on the 
screen images of the ends of two tubes. I have the power of cutting 
off one tube entirely from access to the other; and I do so now, so 
that you will, if you please, consider for the purposes of this experi- 
ment that tube only as existing at the extremity of which I shall 
blow the bubble. You now see the image of the soap-bubble, which 
as long as the tube is closed remains unaltered in size ; I open it, and 
it now at once contracts and disappears. This, then, conclusively 
proves that the air in the bubble was compressed. I will now go a 
step farther, and show that the amount of this compression depends on 
the size of the bubble. If it be large, the air is not so much compressed 
as if it be small. Let us consider what would happen if I formed bub- 
bles at the two ends of a tube. If they were of the same size, evidently 
--the one pressing the air in one direction, and the other pressing it in 
the other with equal force---no effect would follow. If, however, one 
bubble were smaller than the other, and what I have said be true, the 
small one would compress the air within it, and drive it from left to 
right (say) with greater force than the other would tend to drive it 
from right to left ; hence the air would flow from the small bubble to 
the large one; the large one would increase, and the small one dimin- 
ish. Thesmaller the bubble, the more the air would be compressed ; 
and thus the current would become greater and greater, until at last 
we should see the small bubble entirely disappear, the large one hav- 
ing absorbed all the air which it previously contained. I will try to 
show you this on the screen ; first disconnecting the two tubes, I blow 
at their ends bubbles of unequal size. I will now place them in com- 
munication, so that the air can pass from the one to the other. You 
see, the small bubble contracts and the large one expands, and we 
thus learn that the pressure of the smaller or more curved bubble 
upon the air is greater than that of the less curved one. 
I now come to the third property of liquids of which I wish to 
speak ; and that is, that the surface of a liquid is generally either more 
or less viscous than the interior. With reference to the word viscous, 
you will find a familiar example of two liquids which differ very much 
in this property of viscosity in treacle and water. Take a vessel of 
treacle and a vessel of water, pour the liquids out, and note the dif- 
ferent way in which they behave ; the water flows out smoothly, one 
part slipping over another, whereas the treacle comes out in a great 
rolling mass, which seems to stick to the sides of the vessel. Again, 
put a spoon into a vessel of water, and move it through the liquid, 
you will find little resistance to its motion, the water seems to flow 
away to make room for it and closes in again immediately behind. 
Try the same experiment with the treacle and you will find the resist- 
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ante very much increased; in front of the spoon a little heap of 
liquid gathers, which subsides but slowly, and there is a depression 
behind which is as slowly filled up. It is evident that there is some 
difference between the interior constitutions of the treacle and the 
water; and that difference consists in this, that the particles of which 
the treacle is composed move among themselves with very much less 
facility than do those of the water. The fact, then, of one part of a 
liquid moving more or less easily among the other parts is that which 
distinguishes one from another in respect to their viscosity. In a 
very viscous body, like treacle, the parts move with difficulty ; and in 
a non-viscous liquid, like water, they move with comparative ease. 
The fact which I wish to impress upon you this evening is, not that 
one kind of liquid differs from another; but that one part of a liquid 
may differ from another in respect of viscosity; and that as a general 
rule the surface is more or less viscous than the interior. I will now 
show you an experiment which will illustrate this ict in a very strik- 
ing way. I have in a glass vessel a little magnet, which, when I bring 
near to it a large magnet, will easily and readily follow its motions. 
The vessel also contains a mixture of water and a substance called 
saponine. This saponine is extracted from the horse-chestnut, and is, 
as far as I know, chiefly interesting on account of the extraordinary 
effect it produces on water when mixed with it. In making the mixt- 
ure, I have added only one part of saponine to sixty of water, and, 
to look at, it retains the properties of water; it is colorless; it has 
none of the viscosity of treacle. In fact, the saponine has next to no 
effect on the interior parts of the water, but it has a most extraordi- 
nary and marked effect on the surface; and that I will now try to 
illustrate. You now see upon the screen the image of the magnet, 
and the vessel at the bottom of which there is the mixture of saponine 
and water. The magnet is at present about an eighth of an inch 
above the liquid. I bring near the large magnet, and you see how 
easily it follows its motions. I will now pour in some of my mixture 
until the magnet lies upon the surface, and I then again bring the 
large magnet near it. It is now upon the surface of the mixture, and 
you can see some of the bubbles formed as I pour the liquid in. I 
bring the large magnet as near as it was at first and am moving it, 
but it produces no effect. I bring it nearer and nearer--still no effect. 
I bring it so near that you can see its shadow, and still the magnet 
remains absolutely motionless. On the surface of the liquid, then, we 
have found that the little magnet is totally insensible to the attractive 
force of this large one. You may say that the same would happen in 
the case of glycerine or treacle. It might; but now comes the ex- 
traordinary part of the experiment. I pour in some more saponine 
and water, until the little magnet lies a quarter of an inch below its 
surface; I then bring the large magnet near, and you see the result. 
It moves almost as freely as in the air itself. Hence we have a 
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most convincing proof that the surface-viscosity of this solution is 
very much greater than the viscosity of the interior of liquid; and 
that the resistance offered to motion by the surface is many times 
larger than that experienced by moving bodies in the interior. 
Another experiment will illustrate this enormous surface-viscosity 
of the mixture of saponine and water in a still more striking way. 
I have already explained to you that if we blow a bubble at the end 
of an open tube, the bubble will gradually contract until all the air is 
expelled. What, however, will occur if, instead of simply allowing 
the bubble to drive the air out, I suck the end of the tube and draw 
it out more quickly ? I will first perform the experiment on some of 
the soap and water I have used before, and you will see that, although 
the bubble will contract more rapidly than before, it will retain 
throughout the whole of the experiment its spherical form. I will now 
repeat the same experiment with saponine and water. In this case, 
on account of the great viscosity of this thin film it will be unable to 
follow the retreating air as quickly as it must do to retain its spherical 
form ; the consequence is, it will be unable to retain that form, and it 
will therefore collapse and wrinkle up into a purse-shaped bag. 
I hope I have succeeded in proving to you that these three prop- 
erties of liquid surfaces exist. I must now go on to explain how 
they can be applied to the theory of-soap-bubbles. Let us suppose, 
in the first place, that a bubble is rising in a vessel of water. It will 
tend to assume a spherical form ; but as it rises to the surface it will 
be flattened in the direction in which it is moving, and, instead of be- 
ing a perfect sphere, it will be longer in one direction than the other. 
Evidently, as it moves, it has to displace the water in front of it, 
which flows away to the right and left out of the way of the bubble. 
But, as I have explained, all liquids offer a certain amount of resist- 
ance to the motion of one part upon another ; and, although the re- 
sistance offered by water is extremely small, it must be taken into 
consideratiou. The liquid, therefore, has to flow out of the way of 
the advancing bubble, and to overcome the resistance offered to its 
motion ; but as the bubble rises nearer to the surface it moves faster 
and faster, and therefore the water must be removed from its path 
more and more quickly. But the resistance offered to its motion be- 
comes greater the faster it moves ; hence you have the bubble rising 
more quickly, the water being obliged to get more quickly out of the 
way, and finding more and more difficulty in doing so, and having, 
when the bubble gets very near the surface, less space between the 
bubble and the surface to flow away in. The result is, that the water 
cannot get out of the way, and therefore the bubble carries it np with 
it and forms a thin liquid film, which we see as foa.m upon the surface, 
through which the bubbles of air are rising. Supposing the bubble 
thus formed were placed upon a solid plate, it would have the form of 
half a sphere; and, as the bubble compresses the air in it, the air 
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little holes in the surface of the liquid; and when a hole is made the 
surface-tension tends to tear the liquid away, and to make it bigger. 
If the liquid has a very considerable surface-tension, the small holes 
in the surtce may be so instantly turned into large ones that the 
bubble may burst. This is, however, less likely to occur when the 
surface-viscosity is small than when it is great, because in that case 
the liquid flowing in from all sides can more easily fill up the hole, and 
restore the damage done, before it becomes dangerously large. Tl'.e 
best kind of bubble for lasting is one in which the surface-viscosity is 
tolerably large, so that the sides of the bubble may not become thin 
too quickly, and in which the surface-tension is not too great, so that 
any small fractures which occur may not be instantly enlarged. V'hen 
we find a liquid which has these two properties, we have all the requi- 
sites for making go(d bubbles; but sooner or later a hole is made, 
and then the bubble bursts, and in a way which is probably very dif- 
ferent from what, a 1)riori, we should expect. In the first place, the 
orifice which has been formed becomes rapidly larger, the surface- 
tension which acts all round its edges and pulls the film away from 
its centre tending to enlarge it. Secondly, the surface of the liquid is 
necessarily very much curved all round the hole, and a greater press- 
ure is therefore excited at that part by the surface on the liquid 
which forms the interior of the film than elsewhere. Hence the liquid 
becomes heaped up around the hole into a ring which is thicker than 
the rest of the bubble, though its thickness is very small compared 
with the diameter of the hole. The liquid in the ring is thus in cir- 
cumstances somewhat similar to that in the long cylinder we have 
already studied--it undergoes a similar series of transformations and 
is broken up into drops which are flung away from the bubble. 
_Another ring is instantly formed and as instantly broken, and the 
process is repeated again and again with inconceivable rapidity, until 
in a very small fraction of a second a little cloud, composed of the 
numerous minute drops which have been formed, is all that remains 
of the bubble. 
I must now draw to a close. I have discussed with you, as well 
as I could in the short space of time allotted to me, the history of a 
bubble from its birth, in the bosom of the liquid, to its dissolution in 
the air above. The facts and experiments I have brought to your 
notice have been, I hope, in themselves sufficient to attract you; but 
I think they will acquire an additional interest if, before we part, I 
tell you something about the man to whom we owe most of our knowl- 
edge on the subject of my lecture. I mean 1I. Plateau, the Professor 
of Physics in the Belgian University of Ghent. This geutleman began 
his studies on liquids when a young man, and was already well known 
for his success in scientific investigation, when a misfortune overtook 
him which one would have thought would have put an end to his 
further researches. He became hopelessly blind. _A misfortune like 
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THE EVOLUTION OF HEBREW RELIGION. 

Br FELIX ADLER, 
PROFESSOR OF HEBREW LITERATURE I1 CORIELL UNIVERSITIo 

"I)ans l'opinion du peuple pour qui ces livres ont dtd dcrits le point capital et essentiel 
n'est certes pas la narration historique, mais bien la ldgislation et l'dification religieuse." 1 

N 1795, Frederick Augustus Wolf published a modest octavo vol- 
ume entitled "Prolegomena to Homer," from whose appearance 
is dated the beginning of a new eraof historic criticism. The com- 
position of the poems of Homer formed its subject. For wellnigh 
twenty years the author had collected evidence, weighed arguments, 
and patiently tested his results by constant revision, tIis own bias 
was strongly engaged on the side of the unity of the great Grecian 
epic. But the results of his researches continued to point in the 
opposite direction, and at last his earnest devotion to truth compelled 
him to adopt a theory the soundness of whose construction seemed 
to be no longer questionable, tie was thus worthy to become the 
"founder of the science of philology in its present significance. '' 
The influence of Wolf's discovery was not confined to the study ot 
classic literature only. It quickly radiated through every department 
of history. "In every singing age," he said, "a single seculum is 
almost like a single man. It is all one mind, one soul. ''8 This con- 
ception involved a new social law, and radically altered the current 
opinions concerning the relation of individual effort to the larger 
forces that affect the development of nations. The creative energy 
of remarkable minds was not, indeed, lessened in importance, but 
spontaneity, in this connection, acquired a new meaning ; and for the 
.Dens ex machina of the olden time was substituted the cmnulative 
force of centuries of progressive advancement, culminating, it is true, 
at last in the triumphant synthesis of genius. The commotion which 
the Volfian theory has stirred up in the literary world is largely due 
to the wide range of ideas which it affected. Yet it was itself but a 
part of that general movement w.hich, toward the close of the last 
century, became conspicuous in its effects on every field of human 
inquiry. Everywhere the shackles of authority were thrown off, and, 
in place of blindly accepting the testimony of the past, men turned to 
investigate for themselves. A new principle of research was every- 
where acknowledged, a new method was created, and science, natural 
* "In the estimation of the people for whom these books were written, the capital, 
essential point surely was, not the historic narrative, but rather legislation and religious 
edification."--(l51deke, "Histoire Littraire de l'Ancien Testament," p. 19.) 
* Bonitz, "Ueber den Ursprung der Homerischen Gedichte," p. 11. 
* In a letter given in KSrte's " Leben und Studien F. A. Wolf's," i., p. 07. 
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With the permission of Cyrus, the Jews returned to Palestine, and 
the Temple at Jerusalem was rebuilt. The question now arose in 
what forms the ceremonial of the new sanctuary should be conducted. 
The time-honored festivals, the solemn and joyful convocations, the sac- 
rifices and purifications of the olden time, were all more or less infected 
with the taint of paganism. Prophecy would have none of them-- 
prophecy, free child of genius, contemned sacrifice, denounced the 
priesthood, even the temple and its ritual;  proclaimed humbleness 
and loving-kindness as the true service in which Jehovah takes de- 
light. There was formalism on the one hand, idealism on the other. 
As is usual in such cases, when the time had arrived for turning theory 
into practice, it was found necessary to effect a coml)romise. _As 
Christianity in later days adopted the yule-tree into its system, and 
lit the lamps of the heathen festival of the 25th of December in honor 
of the nativity of its founder, so the leaders of the Jews, in the fifth 
century before our era, adopted the feasts and usages of an ancient 
Nature-worship, breathed into them a new spirit, informed them with 
a loftier meaning, and made them tokens, symbols of the eternal God. 
The old foes were thus reconciled; priesthood and Frophecyjoined 
hands, and were thenceforth united. _As nn offspring of this union, 
we behold a new code of laws and prescriptions, whose marked and 
irtharmonious features at once betray the dual nature of its progeni- 
tors. "2k rough preliminary draft, as it were," of this code, is pre- 
served in the book of Ezekiel, composed probably about the middle 
of the fifth century. In its finished and final shape, it forms the bulk 
of a still later work--of Leviticus, the third of the books of the Penta- 
teuch : of all the discoveries of criticism, none more noteworthy, none 
we are bound to consider more assured. Vhat lends additional cer- 
tainty to the result is the circumstance that it was reached indepen- 
dently by two of the most esteemed scholars of our day, the one a 
Professor of Theology in the University of Leyden,  the other a vet- 
eran of thought, whose brow is wreathed by the ripe honors of more 
than fourscore years.' Let us briefly advert to the line of argument 
by which this astonishing conclusion was reached: 
The_author of the book of Ezekiel was a priest, and one confessedly 
loyal to the sanctuary of Jerusalem. Now, had the laws of the Leviti- 
cal code, which minutely describe the ritual of that sanctuary, existed, 
or been regarded as authoritative in his day, lie could not, would not 
have disregarded, much less contradicted, their provisions, lie does 
this, and, be it remarked, in points of capital importance. In chap- 
ter xlv. of Ezekiel are mentioned the great festivals, with the sacrifices 
appropriate to each; but the feast of Pentecost, commanded in Leviti- 
cus, is entirely omitted; also that of the eighth day of tabernacles. 
The second of the daily burnt-offerings, upon which the legislator of 
t Jeremiah vii. 4; Isaiah lxvi. 1 ; Micah vi. 6.  Prof. A. Kucnen. 
a The venerable Dr. Zunz, of Berlin. 
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whose character it is not our present business to investigate. It was 
successively worked up in various schools of priests and prophets, and 
this accounts for the host of discrepancies it contains, some of which 
have been noticed in the begi:ning of this essay. It was finally am- 
plified by the inventive genius of the second-Temple priesthood, 
who succeeded in heightening the sanctity of their own iustitu- 
tions by tracing them back to a revered, heroic person, who had 
lived in the dim days of remote antiquity. 
In the preceding pages we have indicated the more important 
phases of that great conflict which ended in the establishment of 
monotheism, whose traces, though sometimes barely legible, are still 
preserved in our records. We saw" in the first instance that the- 
Mosaic age is shrouded in uncertainty. V'e pointed out that pure 
monotheism was unknown in the time of the early kings. We briefly 
referred to the rise of monotheism, lq'inally, we endeavored to show 
how the prophetic idea had been successively expressed in various 
.codes, each corresponding to a certain stage in the great process of 
evolution. From what we have said, it follows that the prophetic ideal 
of religion is the root and core of all that is valuable in tle Hebrew 
Bible. The laws, rites, and observances, in which it found a tem- 
porary and changeful expression, may lose their vitality ; it will always 
continue to exert its high influence. It was not the work of one 
man, nor of a single age, but was reached in the long course of gen- 
erations on generations, evolved amid error and vice, slowly, and 
against all the odds of tine. It has been said that the Bible is 
opposed to the theory of evolution. The Bible itself is a prominent 
example of evolution in history. It is not homogeneous in all its 
parts. There are portions filled with tales of human error and falli- 
bility. These are the incipient stages of an early age--the dark and 
dread beginnings. There are others thrilling with noblest emotion 
freighted with eternal truths, breathing celestial music. These are 
the triumph and the fruition of a later day. It is thus by discriminat- 
ing between what is essentially excellent and what is comparatively 
valueless that we shall best reconcile the discordant claims of reason 
and of faith. The Bible was never designed to convey scientific in- 
formation, nor was it intended to serve as a text-book of history. In 
its ethical teachings lies its true significance. On them it may fairly 
rest its clims to the immortal reverence of mankind. 
There was a time in the olden days of Greece when it was de- 
manded that the poems o Homer should be removed from the schools, 
lest the minds of the young might be poisoned by the weeds of super- 
stitious belief. Plato, the poet-philosopher, it was who urged this 
demand. That time is past. The tales of the gods and heroes have 
long since ceased to entice our credul!ty. The story of Achilles's 
wrath and the wanderings of the sage Ulysses re not believed as 
history, but the beauty and freshness and the golden poetry of the 
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are iu ahnost perfect accord--co-laborers in the same great field-- 
endeavoring to compass it only by different methods. 
While Sir. Spencer is tugging at the vast problems of social 
science from the standpoint of the universal scientist, the author in 
question is viewing them more directly from the standpoint of the 
specialist in sociology--and more particularly in the department of 
statesmanship--seeking and deriving valuable instruction from the 
vast generalizations of his more able and far more learned co-laborer. 
Can it be supposed, however, that the two laborers will not differ 
somewhat, in some of their practical applications of the very same 
general principles which they hold in common ? Or need it be won- 
dered at that, while Ir. Spencer would abolish the state school and 
state provision for the poor, the author in question would rather re- 
model and enlarge the scope of both, while admitting and appreciat- 
ing the great abuses and mischiefs that may result from either ? 
Does not the very loftiness of 5it. Spencer's standpoint, the grand- 
eur of his views, and the vast and far-reaching comprehensiveness 
of his observations, make it impossible, despite his great and indis- 
putable sagacity, to avoid some mistakes in respect to the great 
practical problems of social life, and to escape altogether the error, 
so common with our modern reformers, of seeking to abolish institu- 
tions that need only amendment and reform ? 
In conclusion, let the hope be expressed that "the antiquated 
character" of this reply will find excuse in the fact that, although 
the privilege of making it was solicited early in June, 1874, it was 
not accorded until late in October following, when the author, in de- 
spair of obtaining justice, or a fair hearing, at least in this country 
had abandoned all idea of replying. Veeks and even months then 
elapsed before the purpose of doing so revived in his mind, under the 
conviction that such a course was due, not only to himself, but to the 
nmmentous theme, which he has made the theme of his life, and on 
which he feels a strong assurance that he has some suggestions to 
offer, some great universal truths, great fundamental laws of social 
lifle, to announce, that are calculated to exert an important influence 
on the cause of knowledge and human advancement. . 
CINCINNATI February 22 1875. 

SKETCK OF PROF. WILLIA][ ]3. ROGERS. 

HE President of the American Association for the Advancement 
of Science, who presides at its meeting this year in Buffalo, be- 
longs to a family which has attained eminent distinction in the field 
of American science. He was born in Philadelphia, in December 
1805, and is the second of four sons--James Blythe, Wt..x.t BXl- 
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the request of his friend Governor _Andrew in 1861 he accepted the 
office of Inspector of Gas and Gas-Meters for the State of Massa- 
chusetts and organized a system of inspection in which he aimed to 
apply scientific principles more fully than had hitherto been attempted 
in the United States. Some account of his methods was given at a 
meeting of the British Association. During this time Prof. Rogers 
was often called upon for public lectures on scientific subjects in 
Massachusetts and elsewhere, and gave several courses before the 
Lowell Institute in Boston. 
Prof. Rogers had long felt the need in our educational system of 
giving to the physical sciences a higher place and more practical 
methods of teaching than had hitherto been allowed them and he 
was therefore eager to avail himself of the opportunity for carrying 
out these views. In behalf of a committee of gentlemen who had 
become interested in the subject he drew up a scheme entitled "Ob- 
ject and llan of an Institute of Technology" embracing a society 
of arts, a museum of arts and a school of industrial science ; and he 
subsequently addressed a memorial to the Legislature of Massachu- 
setts urging the establishment of such an institution. After some 
delay a charter for the  Institute of Technology" was granted and 
lrof. Rogers was placed at its head. A whole square of land on Back 
Bay was granted for building-purposes--one third to the Boston So- 
ciety of latural I-Iistory the other two thirds to the Institute of 
Technology. But the popularity and increasing prosperity of the 
Institute make it already cramped in its present stately hall and it 
will soon be necessary to have another edifice. The detailed plan for 
the departments of the school prepared by Prof. Rogers in 1864 has 
been carried out with but slight modifications. A marked feature of 
this plan t which has since been adopted in many other institutions was 
the introduction of laboratory teaching not only in the department 
of chemistry but in that of physics mechanics and mining a feature 
which has no doubt contributed largely to the reputation which the 
school has acquired for thoroughness of scientific training. 
Besides being president of the Institute Prof. Rogers filled the 
chair of lhysics and Geology for several ears after the establishment 
of the school. It may be added that he was active in founding the 
American Social Science Association and was its first president. 
But this inventory of the life-work of lrof. Rogers extensive and 
interesting as it is leaves out a powerful element of the influence 
he has exerted as a teacher over great numbers of young men 
who have been brought within the spell of his personality. Prof. 
Rogers is an orator of the first class, and we have long regarded him 
as the most impressive and delightful speaker that has appeared be- 
fore the _American Association. _And it must be remembered that 
science pt{ts oratory to its highest test; it is a field in which reason 
is supreme and where the speaker is not at liberty to throw logic to 
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the winds, and make his fiery appeal to the feelings and passions of 
listeners. The scientific orator must address intelligent men, habitu- 
ated to think for themselves, on the alert against tricks that carry 
the imagination, while the speaker himself is kept under the close 
restraints of fact. To be able to captivate and enchain an audience 
in the pure work of exposition, to fascinate in teaching, is a triumph 
of oratorical art. Prof. Rogers has been marked by the possession 
of this rare gift, and before his classes in college, whether treating 
of rocks, physical forces, or rigid principles of mathematics, he was 
always able to kindle the enthusiasm of tho students, and make the 
most vivid and lasting impressions upon their minds. We were not 
surprised, therefore, to note, in a Virginia newspaper of last year, an 
exciting description of the way Prof. Rogers was received by his old 
students at the semi-centennial of the University of Virginia, where 
he " was the central object, on whom were fixed the eyes and hearts 
of the great concourse there assembled from all parts of the country. 
It was difficult to get near enough to speak to him, surrounded as he 
was by such numbers of those who in years long past had attended 
his lectures." He made an address, the reception of which is de- 
scribed by the writer with a pardonable warmth : "At th dinner of 
th alumni, Prof. Rogers addressed them in a speech of half an hour. 
It was a wonderful specimen of loquence. The old students beheld 
before them the same William B. Rogers vho, thirty-five years be- 
fore, had held them spellbound in his class of natural philosophy; 
and as the great orator warmed up, these men forgot their age ; they 
were again young, and showed their enthusiasm as wildly as when in 
days of yore, enraptured by his eloquence, they made the lecture- 
room of the university ring with their appJause. Such was the effect 
produced by the off-hand words of this distinguished man of science 
and unrivaled orator; and those who have heard him in his moments 
of inspiration will not wonder at the account we have given." 
Some time ago failing health compelled Prof. Rogers to retire 
from the active direction of the Institute. He still, however, has a 
share in its government, and his returning strength for the last two 
or three years has enabled him gradually to resume his favorite 
pursuits. 
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French Assembly reported that "the 
people demand a new circulating me- 
dium;" that "the circulation of pa- 
per is the best of operations;" that 
"it is the most free r because it reposes 
on the will of the people;" that "it 
will bind the interests of the citizen to 
the public good." 
The Government had appropriated 
the vast property of the French Church, 
amounting in value to about four thou- 
sand million francs, and this was to be 
the security of the paper. According- 
ly, in April 1790 the "Government is- 
sued four hundred million francs in as- 
signats -- paper - money secured by a 
pledge of productive real estate and 
bearing interest to the holder at three 
per cent." What could be more se- 
cure  It was maintained that such a 
currency would immediately prove it- 
self better than coin. 
"The first result of this issue was 
apparently all that the most sanguine 
could desire ; the Treasury was at once 
greatly relieved; a portion of the pub- 
lic debt was paid; creditors were en- 
couraged ; credit revived ; ordinary ex- 
penses were met and the paper-money 
having thus been passed from the Gov- 
ernment into the midst of the people 
trade was revived, and all difficulties 
seemed past." 
Possibly, if the Government could 
have stopped with these temporary ad- 
vantages, no great harm would have 
been done. But the difficulty about 
money is that there is never thought 
to be enough of it.. The benefit of real 
money (coin) is to set a stubborn limit 
to this universal want--it cannot be 
got without earning it or giving equiv- 
alent property for it. The curse of 
pseudo-money (irredeemable paper) is, 
that it panders to the universal greed 
because any amount of it can be manu- 
factured and set afloat at any time. 
And so, of course, the French, after the 
first taste wanted more. The further 
issue was stoutly resisted by the ablest 
men but the current set so strong and 

the demagogues were so plausible r that 
the measure was carried, and in Sep- 
tember the Government issued eight 
hundred million assignats r "solemnly 
declaring that in no case should the 
entire amount put in circulation exceed 
twelve lmndred millions." 
Great were the rejoicings on every 
side. Gold was to lose all value r as it 
was a superfluity r and the nation was 
committed to the policy of inflation. 
But the old cry of the "lack of a cir- 
culating medium" soon broke forth 
again. A hundred millions were is- 
sued under the plea of a want of small 
notes. On June 19 1791 less than 
nine months after the former great is- 
sue, six hundred millions more were 
put in circulation. Next came depre- 
ciation of the currency a loss of its 
purchasing power and a rise in prices. 
Some said that this was due to igno- 
rance in the rural districts, and the 
remedy proposed was "education of 
the people." . Prudhomme's news- 
paper r however, declared that " coin 
will keep rising until the people have 
hung a broker." People naturally be- 
gan to be alarmed and to convert the 
paper into coin and hoard it up. This 
was regarded as criminal r and Iarat 
asserted that death was the proper 
penalty for persons who thus hid their 
money. 
But, after the first stimulus of these 
issues business soon became depressed r 
trade stagnated the manufactories were 
closed and thousands of workmen were 
discharged. Uncertainty and fluctua- 
tion of values followed speculation 
set in and r in the language of Louis 
Blanc, "commerce was dead; betting 
took its place." "In the cities now 
arose a luxury and license which is a 
greater evil than the plundering which 
ministers to it. In the country the 
gambling spirit spread more and more; 
nor was this reckless and corrupt spirit 
confined to business-men; it began to 
break out in official circles; and public 
men who a few years before had been 
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pure in motive, and above all proba- 
bility of taint, became luxurious, reck- 
less, cynical, and finally corrupt .... 
"Even worse than this was the 
breaking down of morals in the coun- 
try at large, resulting from the sudden 
building up of ostentatious wealth in a 
few large cities, and the gambling, 
speculative spirit fostered in the small 
towns and rural districts." 
There was no stopping now. The 
artificial quickening had gradually run 
into a feverish activity, followed by in- 
toxication, which had grown into a 
regular national debauch. Every issue 
of paper- money had nade matters 
worse. But so deep was the infatua- 
tion that multitudes of people insisted 
that if there were ouly enough paper- 
money all would be well. On Decem- 
ber 17, 1791, a new issue was ordered 
of three hundred millions more, and on 
April 80, 1792, still another three hun- 
dred millions were thrown out. The 
currency was now depreciated thirty 
per cent., and in July of the same year 
another three hundred millions were 
emitted. "Issue after issue followed 
at intervals of a few months until, on 
December 14, 1792, we have an official 
statement that thirty-four hundred 
millions had been put forth, of which 
six hundred millions had been burned, 
leaving in circulation twenty-eight hun- 
dred millions." 
As articles of common consumption 
grew enormously dear, their-holders 
became unwilling to sell them for the 
worthless currency with which ]?rance 
was flooded, and there then arose a de- 
mand that those who refused to make 
such exchanges should be punished 
with death. Laws were passed making 
the sales of goods compulsory at fixed 
prices in paper-money, which were, of 
course, inoperative. In 1793 there was 
an enactment forbidding the sale or 
exchange of specie for more than its 
nominal value in paper, under a penal- 
ty of six years' imprisonment in irons; 
and then twelve hundred millions more 

of the inflated currency was thrown 
out. "Toward the end of 1794 seven 
thousand million assignats were in cir- 
culation. By the end of May, 1795, 
the circulation was increased to ten 
thousand millions ; at the end of June, 
to fourteen thousand millions; at the 
end of July, to sixteen thousand mill- 
ions; and the value of one hundred 
francs in paper fell steadily first to 
four francs in gold, then to three, then 
to two and a half." The issues con- 
tinued until, at the beginning of 1796, 
they amounted to over forty-five thou- 
sand million francs. One franc in gold 
was worth two hundred and eighty- 
eight francs in paper-money; sugar 
was five hundred francs a pound, and 
carriage-hire six thousand francs a day 
in the legal currency. Debts were, of 
course, now easily paid. 
The madness continued, but its 
form was diversified. In 1796  it was 
decreed that no more assignats be is- 
sued; instead of them it was decreed 
that a new paper-money,  fully secured 
and as good as gold,  be issued, under 
the name of ' mandats.'" Choice pub- 
lic real estate was set apart to secure 
this money, but it speedily depreciated 
ninety-five per cent. It was decreed 
that those who refused to take it should 
be fined and sent to prison, and that 
those who even spoke against it should 
incur the same penalties. But the end 
at last came. On July 16, 1796, ' it 
was decreed that all paper, mandats 
and assignats, should be taken at its 
real value, and that bargains might be 
made in whatever currency the people 
chose. The reign of paper-money in 
France was over. The twenty-five hun- 
dred million mandats went into the 
common heap of refuse with the previ- 
ous thirty-six billion assignats. The 
whole vast issue was repudiated. The 
collapse had come at last; the whole 
nation was plunged into financial dis- 
tress and debauchery from one end to 
the other." 
We have given the bare skeleton 



to old ideas if they are true, but only 
that it becomes sometimes necessary in 
science to discriminate between past 
and present conditions; although the 
past be quite modern. We did not, of 
course, consider the book old in the 
sense of the Assyrian inscriptions, but 
rather in the sense of a last year's al- 
manac; which; although recent, still 
fails to indicate the present status of 
astronomical movements. 
We said in our notice that the au- 
thor 'seemed to have but an obscure 
conception of social science" the im- 
plication of course being that his book 
is behind the age. He replies that 
"social science is a very large science," 
and may present different aspects to its 
different cultivators. But surely this 
need not imply obscurity in the con- 
ception of the science itself. Astron- 
omy; geology; and biology; are very 
large sciences and no doubt present 
different aspects to investigators in the 
same field; but this by no means neces- 
sitates vagueness or obscurity in the 
ideas of the aim; subject-matter; or 
methods of either. There is common 
and well-determined work to be done 
in each, regardless of its extent. 
But we were not left to inference 
in imputing to the author obscure con- 
ceptions upon the subject; for; accord- 
ng to him, no others are at present 
possible. In the first chapter o'f his 
book he says that "this important sci- 
ence has not yet attained to just clear, 
and definite ideas as to its true and 
proper ends; and consequently it has 
not yet learned how even to begin its 
inquiries properly how to direct its 
efforts; or systematize its observations. 
For this is precisely the present condi- 
tion of social science.'; The obvious 
conclusion from this is; that as yet 
there is no such science. Its "status" 
is therefore in substance nothing and 
in place nowhere; while the attempt to 
state it must needs be superfluous and 
impossible. This is a view that might 
have been held any time these thou- 

sands of years and we think may be 
properly characterized as "old." 
]fr. Hamilton labors to show that 
he was right in holding IIerbert Spen- 
cer responsible for his ' Social Statics;" 
and denies that the modifications of 
opinion which the author of that work 
declares he has undergone since its pub- 
lication twenty-five years ago, are to be 
regarded as "important." Well that 
depends upon the estimate he puts upon 
accuracy of representation. Mr. Ham- 
ilton;s view of what is 'important" 
in such cases will certainly not pass 
muster among scientific men; who are 
generally and properly emphatic in the 
assertion of their rights in this partic- 
ular. They insist upon being judged 
only by the latest expression of their 
views; and chemists, physicists; and 
physiologists alike refuse to be bound 
by the old editions of their works. r. 
Spcncer;s modifications of opinion were 
held so important by himself that he 
strenuously resisted the republication 
of the book in this country when out 
of print in England; and, when over- 
ruled in this he interposed a preface; 
warning his readers that it was no 
longer a truthful expression of his 
views. While not absolutely repudiat- 
ing it; and while still adhering to its 
general conceptions; he yet declares 
that the theory which it enunciates has 
been so variously modified and further 
developed that he does not abide by its 
detailed applications. Several positions 
in the work are explicitly disavowed; 
and it is obvious that his changes of 
view affect its whole complexion. ]fr. 
Hamilton attacked his chapter on ' The 
Evanescence of Evil" with results sat- 
isfactory to himself; yet he could hard- 
ly fail to see that the argument of that 
chapter is merged in the great prin- 
ciple of Evolution, which has received 
its ahnost entire scientific development 
since the date of" Social Statics" while 
]fir. Spencer has been a leading student 
of that subject and made it the foun- 
dation of his philosophy. 
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and this with all the accuracy that it is pos- 
sible to give on a map of. four miles to an 
inch, and in 200-foot contour-lines. Fur- 
ther, the general quality aud distribution of 
timber, bottom, agricultural and unavaila- 
ble lands are made the subject of investiga- 
tion, while botanical, natural-history, and 
other specimens, are collected. The greater 
part of the volume treats of the geology, 
mineralogy, and mining industry of the re- 
gion surveyed. Then there are separate 
reports on the Tertiary flora of the North 
American Lio-aitic, ota ancient ruins in South- 
western Colorado, and on topography and 
geography. 

VILLAGE COMMUNITIES IN THE EAST AND 
WEST. By SiR HENRY SUMNER MAINE. 
New York: Holt & Co. Pp. 425. 
Price, $3.50. 
TH six lectures which give to this 
volume its leading title were first published 
in 1871, .nd have now reached a third edi- 
tion. Their object is to trace the resem- 
blances existing between the early stages 
of Western civilization and the existing sta- 
tus in many parts of India. Other scholars 
have shown the relations between modern 
European languages and the Sanskrit; the 
author's task is to point out the relations 
between the civil institutions of the East 
and West. Besides the lectures on village 
communities, the present volume contains 
sundry other papers, viz., one on the effects 
of observation of India on modern European 
thought, three addresses to the University 
of Calcutta, an essay on the theory of evi- 
dence, also one on Roman law and legal 
education. 

CO.IMENCING with the July nmnber, the 
29enn ,lonthly will hereafter be published 
for the :Penn Mouthly Association, by Jos. 
H. Coates & Co., :Philadelphia. The editor- 
ship and ownership remain unchanged. 
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lated by the plant in the free state--deter- 
mined to apply infusorial earth to land sown 
in wheat, and afterward with the microscope 
to search for the siliceous shields ot" diato- 
macem in the straw. Of course, if these 
were to be found occurring in the plaut with 
the same forms which they have in the in- 
fusorial earth, it is plain that they must 
have been taken up by the plant and dis- 
tributed through its system unaltered. The 
event fully justified this conclusion. The 
straw having been treated with nitric acid, 
the siliceous residuum was placed on the 
field of the microscope, and was seen to 
consist wholly of the siliceous shields of 
diatomacem, the same as found in the infu- 
sorial earth, excepting that the larger disks 
in their perfect tbrm were absent--evident- 
ly because these disks were not sufficiently 
minute to enter the root-capillaries. The 
result of these investigations shows the 
necessity of finely-divided silica in the soil ; 
also, that simple or compound silicates are 
useless as fertilizing agents. 

Farestry.--The first of a series of papers 
on ' European and American Forestry," now 
appearing in the Penn 3Tonthly, contains a 
brief history of "Deforestation," or devas- 
tation of forests, in the Old World. The 
subject is one that nearly concerns the in- 
habitants of the United States, where the 
process of deforestation advances with un- 
paralleled rapidity. Among the many in- 
stances quoted by the author of the evils 
consequent on the denudation of woodlands 
is that of Sicily, once the granary of Rome, 
now almost a waste from the effects of for- 
st devastation. The island has scarcely a 
stream that lasts through the summer, and 
few perennial springs. The soil has suffered 
deplorably for want of sufficient irriga- 
tion. Greece, in common with Asia Minor, 
has been shorn of its original forests, and 
its characteristic feature is represented in 
steppes and unproductive barren wastes. 
Of Spain it may be said that at one time 
one-fifth of its surface was forest; now the 
proportion is only nine per cent. In differ- 
ent portions of the country noble forests 
still exist; but, on the whole, the destruc- 
tion of the useful woods has been indiscrim- 
inate and improvident, and Spain, like all 
other countries, has suffered under the 

abuse of that universal law according to 
which soil and climate depend on the extent 
of forest-land. 

hit-Bags far raising Ships.--Prof St. 
Claire, of Edinburgh University, in 1785 
proposed the use of air-bags for the pur- 
pose of raising sunken ships. In 1864 air- 
bags were first practically applied for rais- 
ing a steamer sunk in the lake of Bodcn ; in 
this case the bags, owing to some defect, 
gave way. The Alexandrovsky system, 
perfected some ten years ago, has already 
rendered good service to the Government 
and commerce of Russia on several occa- 
sions. The bags adopted in the Russian 
Navy, as we learn from ngineering, are, 
when inflated, of cylindrical form, measur- 
ing twelve iet in diameter and twenty feet 
in length. They are composed of three 
layers of the thickest canvas saturated with 
India-rubber. Their lifting power averages 
sixty tons. In order to lift a vessel, several 
chains are drawn by divers under her bot- 
tom, and air-bags attached to the ends of 
each of them as near the ship's bottom as 
possible: the bags, being inflated by means 
of air-pumps, cause the ship to rise. Before 
pumping air into the bags, all the chains 
are connected in a transverse direction, so 
as to form one system, thus preventing the 
pairs of bags from sliding off from beneath 
the hull of the ship. As the vessel rises 
the surrounding water-pressure decreases, 
and the excess of air passes out through 
safety-valves. 

Night-Habits of 'ish.--Mr. W. Saville 
Kent had in the Manchester Aquarium a 
number of young herrings, which were so 
tame as readily to take their prepared 
food from the hand of a keeper. But a 
large number of the fishes were found 
dead each morning, a fact which seemed in- 
explicable, considering their quiet behavior 
during the day. A night inspection, how- 
ever, revealed the cause of this rapid de- 
struction. It was found that the nocturno,1 
movements of the herring, at least in con- 
finement, are altogether different from their 
movements in daylight. In the latter case, 
these movements are quiet and uniform, the 
fish swimming around their tank in one 
shoal and one continuous stream. At night, 
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THE CONSTANTS OF COLOR. 

Poz. O. N. ROOD, 
COLUMBIA COLLEGE. 

HE tints produced by :Nature and art are so manifold, often so 
vague and indefinite, so affected by their environment, or by 
the illumination under which they are seen, that at first it might well 
appear as though nothing about them were constant ; as though they 
had no fixed properties which could be used in reducing them to 
order, and in arranging in a simple but vast series the immense mul- 
titude of which they consist. 
Let us examine the matter more closely. We have seen that when 
a single set of waves acts on the eye a color-sensation is produced, 
which is perfectly well defined, and which can be indicated with pre- 
cision by referring it to some portion of the spectrum. YTe have 
also found that, when waves of light having all possible lengths act 
on the eye simultaneously, the sensation of white is produced. Let 
us suppose that by the first method a definite color-sensation is gener- 
ated, and afterward by the second method the ensation of 'hite is 
added to it: white light is added to or mixed with colored light. 
This mixture may be accomplished with an ordinary spectroscope, by 
removing the scale from the scale-telescope, and replacing it by a 
vertical s!it, as indicated in Fig. 1, which is a view from above. Then, 
if white light be allowed to enter this slit, it will be reflected from 
the surface of the prism into the observing-telescope, and we shall 
find that the spectrum is crossed by a vertical band of white light. 
By moving with the hand the scale-telescope, this white band may be 
made to travel slowly over the whole spectrum, and furnish us with 
a series of mixtures of white light with the various prismatic tints. 
{See Fig. 2.) The general effect of this proceeding will be to diminish 
the action of the colored light ; the resultant light will indeed pre- 
'OL. x.41 



54z THE POP ULAR SCIE2VCE MO2VTHLY. 

sent to the eye more light, but it will appear paler ; the color-element 
will begin to be pushed into the background. Conversely, if we now 
should subject our mixture of white and colored light to analysis by 
a second spectroscope, we should infallibly detect the presence of the. 
white as well as of the colored light; or, if no white lightwere pres- 
ent, that would also be equally apparent. 

FIG. 1.--0 is the observing-telescope ;  the scale-telescope ; L the source of light which furnishes 
the spectrum ; W the white light which is projected on the spectrum. 

Taking all this into consideration, it is evident that when a par- 
ticular color is presented to us we can affirm that it is perfectly pure, 
viz., entirely free from white light ; or that it contains mingled with 
it a larger or smaller proportion of this foreign element. This fur- 
nishes us with our first clew toward a classification of colors: our- 
pure standard colors are to be those found in the spectrum; the col- 
ored light coning from the surfaces of natural objects, or from painted 
surfaces, we must compare with the tints of the spectrum. If this is 
done, in almost every case the presence of more or less white light will 
be detected;in the great majority of instances its preponderance 
over the colored light will be found quite marked. To illustrate by 
an example: If white paper be painted with vermilion, and compared 
with a solar spectrum, it will be found that it corresponds in general 
tone with a certain portion of the red space; but the two colors never 
match perfectly, that from the paper always appearing too pale. If, 
now, white light be added to the pure spectral tint, by reflecting a 
small amount of it into the observing-telescope, it will become possi- 
ble to match the two colors, and, if we know what proportion of white 
light has been added, we can afterward say that the light reflected 
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from the vermilion consists, for example of eighty per cent. of red 
light from such a region of the spectrum, plus twenty per cent. of - 
white light. If we set the amount of light reflected by white paper 
as 100 then a surface painted with " emerald-green" reflects about 
eight parts of white light; artificial ultramarine, two or three parts ; 
red lead seven or eight, etc. Some white light is always present ; 
its general effect is to soften the color and reduce its action on the 
eye; when the proportion of white is very large only a faint reminis 
cence of the original hue remains; we say the tint is greenish-gray 

FIG. 2.--SPECTRUI CROSSED BY BAND OF SUPERII'POSED Y'HITE LIGHT. 

bluish-gray or reddish-gray. The specific iTects produced by the 
mixture of white with colored light will be considered in a futurd 
chapter; it is enough for us at present to have obtained an idea of 
one of the constants of color viz. its purity. The same word it 
may be observed is often used by artists in an entirely different 
sense- they will remark of a painting that it is noticeable for the 
purity of its color meaning only that the tints in it have no tendency 
to look dull or dirty but not at all implying the absence of white or 
gray light. 
:Next let us suppose that in our study of thes6 matters we have 
presented to us for examination two colored surfaces, which we find 
reflect in both cases eight-tenths red light and two-tenths white light. 
In spite of this the tints may not match, one of them being much 
brighter than the other, containing, say, twice as much red light and 
twice as much white light; having in other words, twice as great 
brightness or luminosity. The only mode of causing the tints to 
match will be to expose the darker-colored surface to a stronger light 
or the brighter surface to one that is feebler. It is.evident, then, that 
brightness or luminosity is one of the properties by which we can 
define color; it is our second color-constant. This word luminosity 
is also often used by artists in an entirely different sense, they calling 
color in a painting luminous simply because it recalls to the mind 
the impression of light not because it actually reflects much light to 
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be altered; but the black-and-white will blend into a gray..This 
gray can be altered in its brightness till it seems about as luminous 
as the red. If we find, for example, that with the disk three-quarters 
black and one-quarter white an equality appears to be established, 
we conclude that the luminosity of our red surface is twenty-five per 
cent. of that of white paper. This is of course based on the supposition 
that the black paper reflects no light ; it actually reflects from two 
to five per cent., the reflecting power of white paper being put at 
100. The results thus obtained are always inexact, and the same oh- 
FIG. 3.--COLORED DISK WITH SMALL BLACK-D-WHITE 
DISK. 

FIG. 4.--COLORED DISK WITH 
SMALL ]LACK-AND-WHITE 
DISK IN IOTATION. 

server will often obtain different results on different days, though 
those of a single day may agree pretty well among themselves. In 
the appendix to this chapter, a peculiar photometer will be described, 
which has been contrived by the author for the purpose of comparing 
more accurately together the relative luminosity of different colored 
surfaces, or that of colored and white surfaces. 
But to resume our search for color-constants. We may meet with 
two portions of colored light, having the same degree of purity and 
the same apparent brightness, which nevertheless appear to the eye 
totally different ; one may excite the sensation of blue, the other that 
of red ; we say the tones are entirely different. The tone of the color 
is, then, our third and last constant, or, as the physicist would say, the 
degree of refrangibility, or the wave-length of the light. It has in a 
previous chapter been shown that the spectrum offers all possible tones 
except the purples, well arranged in an orderly series ; and the purples 
themselves can be produced with some trouble, by causing the blue 
or violet of the spectrum to mingle in certain proportions with the 
red. Rutherford's automatic six-prism spect.roscope can very con- 
veniently be employed for the determination of the tone. (See Fig. 
5.) A peculiar eye-piece is to be used, which isolates a little slice 
of the spectrum in its upper half, as indicated in Fig. 6. In the lower 
half of the field the fixed lines are seen, and the tone selected as match- 
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ing the color under examination can be located by their aid. After- 
ward, if it is considered desirabl% white light can be added to the 
spectral tint, till it is subdued sufficiently to render exact comparison 
possible. 

FIG. 5.--FAC-SIMILE OF RUTHERFORD'S DRAWING OF SIX-PRISM SPEcTRoscoP].--(Ameriean Jour- 
nal of .gciences acl Arts, 1865.) 

The experimental determination of the color-constants is beset 
with a considerable amount of difficulty, even in the simplest cases, 
such as cardboards covered with pigments. The best mode of pro- 
ceeding appears to be to call the luminosity of white cardboard 100, 
and then to determine photometrically the comparative luminosity 
of the colored cardboards. The measurement of the amount of white 
light reflected along with the colored is still more troublesome, and 
the result likely to be somewhat less exact, while the determination 
of the tone, or third constant, is noderately easy under favorable 
circumstances. One of the uses of such determinations is the pro- 
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scientific, the progress of such a controversy is often very entertain- 
ing. It is true that the actual battles take place in places beyond our 
ken, generally at meetings of scientific societies, where the orators 
have it all their own way and confound their adversaries--till the 
opposition society meets. But though the philosophers retire for 
fighting purposes, and do battle in the clouds with weapons, phrases, 
and formula, that we cannot understand, they always come down 
again to earth to proclaim their victories or palliate their defeats. 
Once they come down, and we catch them with pens in their hands 
the outsiders have their turn. 
It is not, however, in the great books of Darwin, Huxley Lyell, 
Helmholtz, Tait, or Thomson, that we may seek food for amusement. 
In these works every thought is in full dress and every phrase deco- 
rous. But there is another sort of literature in which we see the great 
men, so tO speak, with their coats off. The " Proceedings" of the 
learned societies where the real fighting goes on are full of entertain- 
ment. Students of human nature need no further proof that, though 
every man may not be a philosopher, every philosopher is certainly a 
man. With what frank enjoyment they fight! With what irony-- 
what sarcasm they annihilate their foes! It must, however, be con- 
fessed that sarcasm is not, as a rule, the strong point of the learned. 
The editor of a northern newspaper of our acquaintance was one day 
speaking in terms of praise of his sub-editor: "The brilliancy of yon 
young man," said he, "is surprising; the facility with which he jokes 
amazes me. I myself am in the habit of joking, but I joke with diffi- 
culty. ' We have observed the same peculiarity among other learned 
persons. They joke, but not with ease. 
)Iost of the books which we have prefixed to this paper contain 
their authors' thoughts polished ad unguem. It would not be fair to 
judge of the opinions of the scientific persons we quote by any other 
standard than that which they have themselves carefully prepared; 
but yet we cannot refrain from entertaining a preference for the 
rough-and-ready hard-hitting pamphlets, lectures, "proceedings," in- 
augural addresses, and the like, from which, almost without exception, 
these works have been compiled. For example, Mr. Croll's work on 
"Climate and Time ' is everything which a scientific work should be 
that requires deep research and laborious thought, combined with the 
boldest generalization; but it is a digest of some five or si and thirty 
papers contributed to scientific magazines and periodicals during 
several years. )Ir. Croll gives a list of his papers at the end of his 
volume. But though it is most convenient to see the whole before us 
u.t a glance, and to have them all under our hand or on the !ibrary-shelf 
yet we acknowledge that while thinking over Sir. Croll's volume, for 
the purposes of this review, we found ourselves again and again going 
back to the pages of the teader and the PhilosopSical Tagazine, in 
which we first made acquaintance with them. It may be prejudice 
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on the top of St. Paul's Cathedral, and the earth by a little ball on 
the top of the clock-tower of the Houses of Parliament. The inte- 
rior planets would revolve round St. Paul's as a centre ; )ercury, at 
the distance of St. Clement's Church in the Strand ; Venus, at the 
distance of St. )Iartin's Church, Trafalgar Square ; )Iars would be at 
Lambeth Bridge; Jupiter, at Walham Green ; Saturn, in the middle 
of Richmond Park ; Uranus, a little nearer the centre than Slough ; 
:Neptune, a couple of miles short of Reading. The outermost planet 
of the solar system, then, would on this scale revolve in an orbit 
comprising London and its neighborhood as far as Stevenage on the 
north, Chelmsford and Rochester on the east, and Horsham on the 
south. 
On that same scale the nearest fixed star would be nearly as far 
away as the moon is in the actual heavens. 1 
This inconceivable remoteness shows that the sun and his satel- 
lites lie apart in space. They form one whole, interdependent on each 
other, but completely removed, as regards their internal economy, 
from the influence of any attraction outside. 
There are reasons for concluding that the system, thus organized 
and isolated, was brought into existence by one continuous act of 
creative energy, and that, however long the period over which the 
process may have been spread, the whole solar system forms part of 
one creation ; and though it has been sometimes thought that" the 
earth was made by itself, and that the sun was introduced from out- 
side space, or created where he is at a different time, the evidence is 
strong against such a supposition. 
In the first place, the orbits of all the planets are nearly in one 
plane, and describe very nearly concentric circles. If, when they 
received the original impulse which sent them revolving round the 
sun, any of them had been started with a little more original veloci- 
ty, such planets would revolve in orbits more elongated. If, there- 
fore, they had been the result of several distinct acts of creation, 
instead of being parts of one and the same act of creation, their 
orbits would probably have been so many ovals, narrow and wide 
in all degrees, and intersecting and interfering with each other in 
all directions. Yet if this want of harmony had existed, even to a 
small degree, it would have been sufficient to destroy the existing 
species of living creatures,-and cause to disappear all security for the 
stability of the solar system. If the earth's orbit were much more 
eccentric than it is, all living creatures would die, for the extremes 
 On the scale of 1 mile to 100,000,000 miles : 
Miles. Miles. 
Mercury would be distant from  Saturn ................... 8.71 
he sun .................  0.35 Uranus .................. 17.52 
Venus ...................... 0.66 Neptune ................. 27.43 
The earth ................... 0.91 And a Centauri, the nearest } 206560.00 
Mars ....................... 1.39 fixed star ............. 
Jupiter ..................... 4.75 



law. which have been imposed upon its motions. And this seems 
entirely to exclude the idea that the various bodies of the system 
could have been created at different times or brought together from 
different parts of infinite space. We may then safely conclude that 
the solar system is absolutely isolated in space, and is collectively the 
result of one act of creation. To the solar system, therefore, our in- 
quiry is exclusively confined. 
Although the received chronology of the world has for ages rested 
upon the supposed authority of the Bible, the sacred text really .says 
nothing at all upon the subject. But, though the assertions which 
were so long made upon its supposed authority are not really con- 
tained in the lentateuch, it is curious to observe how exactly the 
words of Moses appear to fit the most recent discoveries of science. 
/o one has supposed that we were intended to learn science from the 
Bible ; it is, therefore, an unexpected advantage to find that its short 
but pregnant sentences directly support the interpretation put by 
modern research upon the hieroglyphics of Nature. Ioses teaches, 
just as modern science teaches, that the starry heavens existed far 
back in past duration, before the creation of the earth. He describes 
in majestic words the "emptiness" of chaos, and the condition of 
affairs from which light arose. He describes the formation of the sun, 
and its gradual condensation into a "light-holder" to give light upon 
the earh, in terms that almost seen to anticipate Herschel and La- 
place. Far from assigning any date to the Creation, he is content to 
refer it to "former duration." No date is either mentioned or implied. 
The so-called chronology was derived from two lists, one extend- 
ing from Adam to qoah, the other from Noah to Abraham. These 
lists purport to give the direct line of descent from father to son, and 
the age of each individual member of the genealogy at the time when 
the text in succession was born. As Adam was supposed to have 
been created six days after the commencement of the Creation, it was 
simple work to add up the sum and fix the age of the world. As long 
as the progress of physical science showed no nec.essity for supposing 
a lengthened period to elapse between the creation of the world and 
the creation of man, it was taken for granted, almost without discus- 
sion, that when God had created the heavens and the earth in the 
beginning, he at once set about the work of arranging them for the 
use of man; that he distributed this work over six ordinary days, 
and at the close of the sixtK day introduced our first parent on the 
scene. 
Nowadays, all divines, English and foreign, agree that the word 
employed by lIoses, and translated in our Bible by " the beginning," 
expresses duration or time previous to creation. .Reshit t|e Ite- 
brew word for beginning is in the original used without the definite 
article. The article was express|y omitted in order to exclude the 
application of the word to the order of creation, and to make it signify 
VOL. IX.-----42 
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ful objects we are gazing at works in process of formation as they lie 
plastic under the creative hand of the Almighty. or is it possible 
to withhold the inference--thus probably was the world we live in, 
and the solar system of which we form a part, evolved out of chaos. 
The labors of Laplace commenced where IIerschel ended, tterschel 
described what he saw. Laplace showed by mathematics how the 
known laws of gravitation could form, and probably did form, from 
such partially-condensed mass of matter an entire planetary system. 
It is supposed that a film of vaporous matter filled up the space 
which is now bounded by the orbit of the outermost planet of our sys- 
tem. To the eye of an observer, if such there were, in a distant star 
such a vapor would appear like one of the numerous nebulae which are 
everywhere visible in the heavens. 
Laplace supposed that this nebula, extending beyond what is now 
the orbit of eptune, possessed a rotatory motion round its centre of 
gravity, and that the parts of it which were situated at the limits 
where the centrifugal force exactly counterbalanced the attractive 
force of the central nucleus were abandoned by the central mass. 
Thus, as the. nucleus became more and more dense under the action 
of gravity, were formed a succession of rings concentric with and 
revolving round the centre of gravity. Each ring would break up 
into masses which would be endued with motions of rotation, and 
would in consequence assume a spheroidal form. These masses 
formed the various planets, which, in their turn condensing, cast off in 
some instances their outlying rings, as the central mass had done, 
and thus formed the moons or satellites which accompany the planets. 
As each planet was in turn cast off, the central mass contracted itself 
within the orbit of that last formed, till, after casting off Iercury, 
it gathered with immense energy round its own centre and formed 
the sun. 
Laplace's mechanidal explanation does not rest only on theory. It 
has been experimentally shown that matter under certain conditions 
woul4 exhibit phenomena similar in many important particulars to 
those which Laplace was led by mathematical considerations to sup- 
pose. Prof. Plateau, several years ago, tried the experiment of pour- 
ing olive-oil into alcohol and water, mixed in such proportions as ex- 
actly to equal the density of the oil. The oil thus became, a liquid 
mass relieved . from the operation of gravity, and fee to take any 
exterior form which might be imposed by such forces as might be 
brought to bear upon it. The oil instantly took the form of a globe 
by virtue of molecular attraction. Prof. Plateau then introduced a 
wire into the globe of oil in such a manner as to form for it a vertical 
axis. The wire h.d on it a little disk coincident with the centre of 
the globular mass, and by turning the axis the oil was made .to re- 
volve. The sphere soon flattened at the poles and bulged out at the 
equator, thus producitg on a small scale an effect which is admitted 
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to have aken place in the planets. The experiment has since been 
several times repeated. When the rotation becomes very rapid, the 
figure becomes more oblately spheroidal, then hollows out .above and 
below round the axis of rotation, stretches out horizontally until 
finally the outside layer of oil abandons the mass and becomes trans- 
formed into a perfectly regular ring. After a little while the ring of 
oil, losing its own motion, gathers itself once more into a sphere. s 
eften as the experiment is repeated the ring thrown off immediately 
takes the globular form. These are seen to assume at the instant of 
their formation a movement of rotation upon themselves, which takes 
place in the same direction as that of the ring. )Ioreover, as the 
ring at the instant of its rupture had still a remainder of velocity, 
the spheres to which it has given birth tend to fly off at a tangent ; 
but, as on the other side, the disk, turning in the alcoholic liquor, 
has impressed on the liquor a movement of rotation, the spheres are 
carried along and revolve for some time round the disk. Those 
which revolve at the same time upon themselves "present the curi- 
ous spectacle of planets revolving at the same time on themselves 
and in their orbit." Another curious result is almost always exhibited 
in this experiment. Besides three or four large spheres into which 
the ring resolves itself, there are almost always two or three very 
small ones which may thus be compared to satellites. The experi- 
ment presents, therefore, an image in miniature of the formation of 
the planets, according to the hypothesis of Laplace, by the rupture 
of the cosmical rings attributable to the condensatmn of the solar 
atmosphere. 
lIodern discoveries carry the matter on much further, lecent 
investigations into the doctrine of the conservation of energy have 
shown the generation of cosmical heat. The amount of force com- 
prised in the universe, like the amount of matter contained in it, is a 
fixed quantity, and to it nothing can either be added or taken away. 
It is, therefore, constantly undergoing change from one form to an- 
other. If it ceases in one form it is not destroyed, it is converted. 
The blow of a hammer on an anvil sets a certain amount of energy 
in motion. The anvil stops the blow, but the force changes into 
heat. Hammer a nail, and it will burn your fingers. Apply a brake 
to a wheel, and you will stop the motion, but the force will be changed 
into heat, which will burn you if you touch the brake. )Ieasure the 
hammered nail, and you find that it has expanded by the vibration 
of its particles ; heat it still more, and the particles will overcome the 
attraction of cohesion and revolve about each other, that is, they will 
become molten; heat" them still more, and they will assume the vapor- 
ous or gaseous form. ow, seeing that motion was convertible into 
heat, and heat into motion, it became an object of inquiry what was 
the exact relation between the two. Dr. )Iayer, in Germany, and Dr. 
Joule, in England, set themselves to the solution of this problem. By 
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the upheavals and subsidence of strata which characterize the earth's 
crust were produced suddenly, and by violent agencies, the school 
to which he belonged were little likely to attempt to fix a date for 
the creation of the world. To their minds the facts of geology gave 
no evidence as to time. It is, therefore, to Sir Charles Lyell and his 
followers that we must turn for an estimate of duration drawn from 
the "testimony of the rocks." 
It is impossible to deny that periods of very vast duration must 
have elapsed while the changes took place of which we see the traces. 
If, lbr instance, we search below the sand on English shores, we find, 
perhaps, a bed of earth with shells and bones; under that, a bed of 
peat; under that, one of blue silt; under that, a buried forest, with 
the trees upright and rooted; under that, another layer of blue silt, 
full of roots and vegetable fibre; perhaps, under that, again, another 
old land-surface, with trees again growing in it; and, under all, the 
main bottom clay of the district. In any place where bowlder clay 
crops out at the surface--in Cheshire or Lancashire, along Leith shore 
near Edinburgh, or along the coast of Scarborough--it will be found 
stuffed full of bits of different kinds of stone, the great majority of 
which have nothing to do with the rockon which the clay happens to 
lie, but have come from places many miles away. On examining the 
pebbles, they will prove to be rounded, scratched, and grooved, in 
such fashion as to shov that at some period they have been subjected 
to a grinding force of immense violence. Among the pebbles in the 
clay, and on plains far away from mountains, are found great rocks 
of many tons in weight. They were carried on the backs of icebergs, 
which, at some time, covered the now temperate regions of the earth, 
and were dropped by the melting ice either in the shape of pebbles, . 
as moraines of ancient glaciers, or as bowlders stranded when the ice- 
bergs melted in the lowlands. 
Such evidence points to vast periods of more than arctic winter, 
which must have endured for many thousand years. But in close 
juxtaposition with these glacial shells and pebbles lie remains which 
tell of tropical climates that alternated with the dreary ages of ice. 
Fossil plants and the remains of animals prove that all orthern Eu- 
rope was once warmer than it is now; that England bore the flora 
and fauna of the torrid zones. Underneath London there lies four or 
five hundred feet of clay. It is not ice clay; it belongs to a later 
geological formation, and was, in ict, the delta of a great tropical 
river. The shells in this clay are tropical--nautili, cones, fruits, and 
seeds of nipa palms, now found only at Indian river-mouths; anona- 
seeds, gourd-seeds, acacia fruits; the bones, too, of crocodiles and 
turtles; of large mammals allied to the Indian tapir, and the water- 
hog of the Cape. All this shows that there was once, where London 
stands, a tropical climate, and a tropic river running into the sea. 
We find in it the remains of animals which existed before the Ice age. 
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The mammoth, or woolly elephant, the woolly rhinoceros, the cave- 
lion, the cave-bear, the reindeer, and the musk-ox, inhabited Britain 
till the ice drove them south. Wen the climate became tolerable 
again, the mammoth and rhinoceros, the bison and the lion, reoccupied 
our lowlands ; and the hippopotamus from Africa and Spain wandered 
over the plains where now the English Channel flows, and pastured 
side by side with animals which have long since retreated to qorway 
and Canada. 
When the ages necessary for all these changes is allowed for, we 
have not, even yet, got beyond the latest period into which the his- 
tory of the globe has been divided. Under the tertiary deposits lies 
the chalk, a thousand feet in thickness, which is composed of the shells 
of minute animals, which must have been deposited age after age at 
the bottom of a deep and still ocean, far out of reach of winds, tides, 
or currents. Recent dredgings in ocean-depths have proved beyond 
a doubt that the greater part of the Atlantic Sea floor is now being 
covered by a similar deposit. It must have taken ages to form, and, 
if the geologists are right in their estimate of the slow rate of up- 
heaval, many more ages to become elevated above the ocean-bed 
where it lay. Not only once, but many times, the chalk was alter- 
nately above and beneath the waves. It is separated by comparative- 
ly thin and partial deposits of sand ad clays, which show that it has 
been at many different points in succession a sea-shore cliff. The 
chalk is not flat, as it must have been at the sea-bottom; it is eaten 
out into holes by the erosion of the sea-waves, and upon it lie flints, 
beds of shore-shingle, beds of oysters lying as they grew, water-shells 
standing as they lived, and the remains of trees, let, again, there 
lie upon the chalk sands, such as those of Aldershot and Farnham, 
containing in their lower strata remains of tropical life, which disap- 
peared as the climate became gradually colder and colder, and the age 
of ice once more set in. Everywhere about the Ascot )Ioors the sands 
have been ploughed by the shore-ice in winter, as they lay awash in 
the shallow sea, and over them is spread in many places a thin sheet 
of ice-borne gravel. All this happened between the date of the bowl- 
der clay and that of the ew Red Sandstone on which it rests. 
We need not follow the geologist through the lower systems 
which overlie the metamorphic rock. The Oolite contains remains of 
plants and animals now extinct, the most remarkable being huge rep- 
tiles; the Triassic has fossils like the Oolite; and tile Permian has" 
remains like those in the coal on which it rests. Then follow the coal- 
measures, the fossil remnants of tropical vegetation; the Old Red 
Sandstone, with fossils principally of fishes and shells; the Silurian, 
in which are found the earliest forms of life ; and, lastly, the hard and 
crystalline rocks, devoid of fossils, which are supposed to be the earli- 
est constituent mass of our planet. 
Sir Charles Lyell and his followers allege that the rate at which 
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nex-t prospectus ?" "A figure of two," says BIr. Tigg, "and as many 
naughts after it as the printer can get into the same line." 
It is hard for imagination to compass the meaning of a million, 
and, when that number is multiplied by hundreds, the effort is alto- 
gether beyond us. But we need not dwell on this consideration ; we 
turn at once to the practical comments made by physical science on 
these and such4ike opinions. The first is founded on the secular cool- 
ing of the earth. 
If a red-hot ball be taken from a furnace, it begins at once to part 
with heat at a certain definite rate. As it becomes colder it cools 
more and more slowly. From the known laws of heat it is quite 
possible roughly to approximate to the period during which the earth 
has been habitable tbr animals and plants such as we now find upon 
it. Whenever a body is hotter at one part than at another, the ten- 
dency of heat is to flow from the hotter body to the colder. As the 
earth's crust is warmer as we go farther down, there must be a steady 
increase of heat from the surface to the centre, and the earth is even 
now losing heat at a perfectly measurable rate; therefore it is pos- 
sible to calculate what was the distribution of heat a hundred thou- 
sand or a thousand thousand years ago, supposing the present natural 
laws to have been then in existence. According to these data, about 
ten millions of years ago the surface of the earth had just consoli- 
dated, or was just about to consolidate; and in the course of com- 
paratively few tliousand years after that time the surface had become 
so moderately warm as to be fitted for the existence of life such as 
we know it. If we attempt to trace the state of affairs back for a 
hundred millions, instead of ten millions of years, we should find that 
"the earth (if it then existed at all) must have been liquid, and at a 
high white heat, so as to be utterly incompatible with th6 existence 
of life of any kind with which we are acquainted.  
The next argument, namely, that founded on the earth's retarda- 
tion by the tidal wave, is more recondite, and the theory that there is 
such a retardation at all is quite of recent date. Theoretical reasons 
connected with mechanics caused it to be adopted, and its establish- 
ment depends on the most refined astronomical investigation. 
It is one of the peculiarities of time-measurement that, from the 
nature of things, no two periods of time can be compared directly 
one with another. The standards by which we measure time are less 
and less precise as we recede farther into the past. To-day we have 
as the standard unit of duration the interval between two successive 
transits of a star over the cross-wires of a fixed observatory-telescope. 
This measure has been considered until lately as absolutely fixed and 
invariable. And so it is for all practical purposes; the sidereal time 
of any heavenly body passing the mcridian on a given day in l SS0 
 "The  Doctrine of Uniformity ' in Geology briefly refuted." "Proceedings of the 
Royal Society, Edinburgh December, 1865." 
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may be ascertained from the ":Nautical Almanac" to-day and it will 
be found true within one-hundredth of a second. But that throws no 
light on the question, What is the absolute length of an hour or 
second ? They are beth definite fractions of a day ; and a day is a 
revolution of the earth on its axis; no artificial measurement of such 
an interval can prove whether the interval itself remains from age to 
age unchanged. To quote Humboldt as a sure guide to the received 
opinions of scientific men thirty years ago, 1 "The comparison of the 
secular inequalities in the moon's motion, with eclipses observed by 
Hipparchus, or during an interval of two thousand years, shows con- 
clusively the length of the day has certainly not been diminished by 
one-hundredth part of a second." 
The assertion is derived from Laplace, and even now is mentioned 
as an unquestioned fict in the most recent astronomical text-books. 
Halley, it is true, in 1695, discovered that the average velocity with 
which the moon revolves round the earth had apparently been increas- 
ing from year to year, and this acceleration remained unexplained 
during more than a century. Halley compared the records of the 
most ancient lunar eclipses of the Chaldean astronomers with those 
of modern times. He likewise compared both sets of observations 
with those of the Arabian astronomers of the eighth and ninth cen- 
turies. The result was an unexplained discrepancy, which set all 
theory at defiance for a century or more. It appeared that the moon's 
mean motion increases at the rate of eleven seconds in a century ; and 
that quantity, small in itself, becomes considerable by accumulation 
during a succession of ages. In 2,500 years the moon is before her 
calculated place by 1 
place of visibility of a solar eclipse. Laplace at last as Sir John' 
Herschel says, stepped in to rescue physical astronomy from its re- 
proach, by pointing out the real cause of the phenomenon. Laplace 
accounted for the apparent acceleration by showing that the motion 
of the earth in her orbit was disturbed by the other planets, in a man- 
ner before insufficiently appreciated, and the explanation was accepted 
for many years as complete and satisfactory. The acceleration was 
calculated to the utmost point of precision attainable in mathematics 
by MM. Damoiseau and I)lana. Using the formulm of Laplace, and 
the numbers deduced from the[n, it was found that the'circumstances 
and places of ancient eclipses, as recorded by historians, were brought 
into strict accordance with the times and circumstances as they ought 
to have been if the theory were true. Laplaces explanation rests 
upon the fact that for many thousands of years past the orbit of the 
earth has been tending more and more to a perfect circle--that is, the 
minor axis is increasing while the major axis remains unchanged. 
The result is, that the average distance of the moon from the sun is 
greater than it was in past ages. But in proportion as the moon 
"Cosmos" i,. 161. 
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We have passed in rapid review the evidence upon which guesses 
more or less plausible as to the age of the world have been founded. 
Whatever may be the opinion at which men will ultimately arriv% it 
cannot but be satisfactory to note from how many quarters and in 
how many ways Natural Science has in latter days cast light on the 
inquirer's path.--uarterly teview. 

THE LOCAL DISTRIBUTION. OF PLANTS AND THE 
TIIEORY OF ADAPTATION. 

By LESTER F. WARD A. M. 

HERE is one class of facts in the geographical distribution of 
plants which has not received, at the hands of botanists the 
degree of attention which its importance justifies. 
I do not refer to those wide general phenomena which a compari- 
son of the floras of different countries renders so striking and by 
which the more humble and restricted class to which I would call at- 
tention is usually eclipsed. Such general considerations.are it is 
true, exceedingly interesting and important and are in no danger of 
receiving too much attention. Nothing could be more absorbing 
than a close comparative analysis of the vegetation of different hemi- 
spheres continents islands, and zones of the globe. The most casual 
survey of such fields reveals marvels the mere acquaintance with 
which excites in the mind of the botanist the liveliest interest and 
pleasure. The strange and leafless euphorbias of South Africa with 
their naked green parenchymous branches; the equally singular and 
grotesque cactuses of America answering to them; the anomalous 
vegetation of Australia with its shadeless forests due to their vertical 
foliage; the absence of oaks east of the Ural Iountains and of heaths 
on this side the Atlantic ; the confinement of the genus losa to the 
northern and of the genus Calceolaria to the southern hemisphere-- 
these and numberless other kindred facts connected with the general 
distribution of plants over the globe are justly calculated to excite 
the most intense interest and have given rise to a variety of theories 
designed to account for them. 
The phenomena, however, to which I would more particularly refer 
come much nearer home and may be presumed to have attracted the 
attention, more or less forcib]y of every one at all conversant with 
plants. They constitute a distinct class and may be described in gen- 
eral terms as facts unfavorable to th received theory of adaptation. 
It has long been regarded as a law of lif% applicable alike to animal 
and vegetable forms that each species is exactly adapted to the par- 
ticular habitat where it occurs; and naturalists assuming this law, 
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have sought to solve the problem how this remarkable adaptation has 
been brought about, instead of pausing to question the alleged law of 
adaptation itself. _And yet there have never been wanting numerous 
and obvious facts, especially in the vegetable kingdom, which, if in- 
terpreted at all, must be conceded to be incompatible with such a law, 
at least unless materially modified and greatly enlarged. 
)Ir. Thomas )Ieehan has remarked the tinct that " almost all of 
our swamp-trees grow much better when they are transferred to drier 
places, provided the land is of fair quality. He referred, among others, 
to sweet-bay, red maple, weeping-willow etc., as within his own re- 
peated observations growing better out of swamps than in them." 
He further observes that "plants as a general rul% even those known 
as water-plants, prefer to grow out of water, except those that grow 
almost entirely beneath the surface."  
_A great many facts are at hand to prove that those plants which 
are found habitually gr)wing in wet ground may be easily made lo 
grow in dry ground. The Iris versicolor (blue flag), which, in a state 
of /ature, grows universally in marshes, and keeps perpetual com- 
pany with Y:phar (pond-lily) and Sagittaria (arrow-head), is a com- 
mon occupant of the driest gardens. The _Lobelia cardinalis (cardinal- 
flower), which I have found below tide-water mark, is also a common 
g:rden-flower, and not difficult to culti-ate. _Ahnost as much may be 
said for Iobelia syphilitica (great lobelia). The calla, the caladiums, 
and the anthuriums, belong to this class, and the list might be in- 
definitely extended. 
But differences of moisture in the soil are not the only ones which 
are often overcome by natural or artificial changes in the conditions 
of growth. Most of our prettiest wild-flowers which are found grow- 
ing in deep, shaded glens in pure leaf-mould, have been captured by 
florists, and made to thrive as well, and often better, under a cultiva- 
tion which, with their most faithful efforts to imitate it, must be a 
complete alteration of their native condition of life. Of such might 
be mentioned at random the Trillim (wake-robin), the Cypripediun 
(lady's-slipper), the I)icentra (Dutchman's breeches), the Uvularia 
(bellwort), the Erythronium (dog's-tooth violet), etc. 
So, too, plants growing under other conditions, as on hillsides, 
and in open woods or meadows, as the violets, hepaticas, anemones, 
and others, offer no difficulty to the florist. 
These are cases in which the transfer is from apparently more 
favorable conditions to those less favorable. But similar results follow 
from  reversal of this order. Plants may be successfully transferred 
to ordinary garden-soil from localities which we would naturally sup- 
pose to be less favorable to growth, but to which these seem to be 
specially adapted. The columbine (Aquilegia), which grows on rocks, 
often with scarcely any soil in which to root, or emerges from narrow 
 See POPULAR SCIENCE MONTHLY for May, 1874, p. 126. 
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mum wdgare), the iniquitous Canada thistle (Cirsiurn arvense), and 
the obnoxious burdock (Zappa o:cinalis), as examples of species which 
share with man, not only his cosmopolitan character, but also some 
of his vices. But these foreign immigrants often furnish us with one 
of the most striking exemplifications of the anomaly, if such it may 
still be called, which I am endeavoring to illustrate. 
It fi-equently happens that a plant, taken from one country into 
another having an entirely different flora, thrives more vigorously 
than it did at home, and even threatens to drive out indigenous spe- 
cies. Some of the species last mentioned belong to this class, particu- 
larly the Canada thistle, which, notwithstanding its popular name, 
has been introduced into this country from Europe, and has spread not 
only over Canada and :New England, but far south and west. Cnicus 
lanceolatus (common thistle) is only less prominent because less trou- 
blesome. The same is true of many plants of the mint family, partic- 
ularly 2Vepeta glechoma (ground-ivy). On the other hand, some Ameri- 
can species, like .Erigeron Canadense, have migrated by the aid of man 
into almost every country on the globe, always thriving best where civ- 
ilization is highest. But some of these do not confine themselves to the 
circle of man's protective influence. Sometimes they strike out into 
the forest or spread over the plains, carrying dismay to .the native 
vegetation, hIr. Darwin, speaking of the introduction into South 
America of the cardoon (Cynetra carelunculzes), a congener of the 
artichoke, says- "It occurs in these latitudes on both sides of the 
Cordillera, across the continent. I saw it in unfrequented spots in 
Chili, Entre Rios, and the Banda Oriental. In the latter country 
alone, very many (probably several hundred) square miles are covered 
by one mass of these prickly plants, and are impenetrable by man or 
beast. Over the undulating plains, where these great beds occur, 
nothing else can now live. Before their introduction, however, the 
surface must have supported, as in other parts, a rank herbage. 
doubt whether any case is on record of an invasion on so grand a 
scale of one plant over the aborigines. '' He also mentions other 
analogous cases, though of a character less marked. 
This love of change, if I may so characterize it, seems to inhere in 
the entire vegetable kingdom. ffot even climate avails to overcome 
it, as is evidenced by the rapid invasion from the tropics of many. 
plants whenever the presence of man in any manner creates the con- 
ditions favorable to their migration. Conspicuous among these are 
Chenopodium (pigweed), Amarantus (amaranth), Iiomvea (morning- 
glory), and others. 
If we take a wider view of this class of phenomena, we may per- 
ceive that it is only by an extension of the same principle that all the 
beneficial changes made by man iu the vegetable kingdom have be- 
come possible. Every plant he has improved and rendered subservi- 
 " Naturalist's Voyage round the World," p. 119. 
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In this theory of perfect natural adaptation, whether it be left to 
stand upon its old teleological basis, or be placed, as some modern 
investigators would place it, upon a genetic one, a very important 
factor has been left out, viz., the influence which plants exert upon 
one another. Adaptation, as the term is employed, is applied to  
supposed correlation between the plant and its inorganic environ- 
nent ; and to this alone is attributed their entire local distribution. 
But facts of the class above considered prove that this is not only an 
inadequate explanation of such distribution, but that it is in many 
cases no explanation at all, since they so generally disregard inor- 
ganic conditions, and thrive equally well or better under entirely dif- 
ferent ones from those which ature furnished. Their distibution 
must therefore, be almost entirely attributed to some other condi- 
tions ; and to what other conditions are they subjected but to organic 
ones, to those which they reciprocally impose upon each other ? It is 
to these organic conditions, then, to the mutual influence of different 
kinds of vegetation, growing, as it always does in a state of -ature, 
in close local proximity and contact, that we must look for the chief 
laws that control the local distribution of plants. 
The modification therefore, of the adaptation theory, or rather 
the substitute for it, which, in the light of these facts, I would pro- 
pose might be called the law of mutual repulsion,.by which every 
individual, to the extent of its influence, repels the approach of every 
other and seeks the sole possession and enjoymen of the inorganic 
conditions surrounding it--this mutual repulsion results at length in 
a statictd condition which is always brought about through the action 
of the vital forces themselves, and which, as soon as reached, deter- 
mines absolutely the exact place and degree of development of each 
species and each ihdividual. 
It is this statical condition which is apt to be lost sight of in the 
modern philosophy of evolution. The modification of species, the 
survival and advancement of some and the depauperating and extinc- 
tion of others, all ibrms of variation and transmutation--these are 
dynamical l)henomena, and only take place under the influence of dis- 
turbing agencies. Changes of this kind are slow and secular, and lie 
beyond the reach of direct (ibservation, perceptible only to the eye of 
reason on the closest comparison of large masses of dependent facts. 
They, therefore, long escaped observation, and Nature remained until 
recent times a sealed book with respect to them. What wonder, then, 
that this still deeper and more occult law of biological statics should 
have remained still longer undetected, or only dimly seen ? For, un- 
derlying this dynalnical movelnent in organized beings, there must 
exist a universal statical condition throughout organic as throughout 
inorganic Nature. 
The changes of which science has at length caught a glimpse can 
be nothing more than the regular and cyclical or fitfifl and spasmodic 
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that, nv mtter under what conditions it may be compelled, by the 
higher law of mutual repulsion, to live, it will mould its own organisn 
into harmony with those conditions, and thus continue its existence ; 
and this, whether it is required to adopt a more perfect or a less per- 
fect form. 
But what it actually is, is no criterion of what it is capable of be- 
coming, and the locality in which it is found is no evidence that it is 
best adapted to such a locality. These data only prove that in the 
fi.ual balance of forces to which it is subjected it was assigned such 
a degree of development and such a habitat. 

OBSERVING THE INTERIOR OF THE EYE.' 

Br JULIUS BERNSTEIN, 
PROFESSOR 01 PHYSIOLOGY IN THE UIIVERSITY O1 HALLE, 
IIE retina is the point where the physical process of vision passes 
into the physiological process. Until it impinges upon the retina, 
the light which penetrates the eye has only undergone physical 
changes, consisting chiefly in refraction, the last perceptible result of 
which is the production of the image upon the retina. From this 
point the process passes from our immediate observation, and the 
difficulty of discovering its character increases at each step. The 
linage upon the retina is reversed, and yet we see every object in the 
field of vision upright. This is the result of the experience, which we 
have acquired from childhood, in the exercise of the organ of sight. 
The point A (Fig. 1), which is on the right, is imprinted upon the left 
portion of the retina, and we, theretbre, know by experience that a 
,.. 
Fig. 1. 

ray, coming from the right, must strike the left portion of the retina; 
and because we always imagine the objects we see to be external to 
ourselves, we must do so by unconsciously following the line a A, 
through the optical centre k. In this manner the eye projects a uni- 
form field of vision, which is obtained by drawing, from every point 
of the retina outward, straight lines through the optical centre of the 
eye, which lines will terminate upon a convex surface. 
This is really the manner in which the eye interprets, in all cases, 
 From "The Five Senses of Man," 1o. XXI. of the "International Scientific Series." 
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One of the most interesting entoptic phenomena is the Art)vrescent 
_]igure, discovered by Purkinje. If, toward evening, we place our- 
selves opposite a dark wall in a dark room, and move a lighted candle 
to and fro before our eyes, looking, however, fixedly at the wall be- 
yond, we shall then, after a little practice. see this arborescent figure, 
whose intersecting branches cover the whole of the dark space, and 
which is unmistakably caused by the blood-vessels in the interior 
of the eye. The field of vision assumes a reddish appearance, upon 
which the veins stand out in dark shadows. The trunk of the figure 
rises a little on one side of the centre, where the optic nerve enters 
the eye, and thence branches out after the maturer of blood-vessels, 
which is undoubtedly a proof that in this experiment we see the 
blood-vessels of the retina itself. One spot al.ne is iYee from vessels: 
the yellow spot, which is the most sensitive to light of all parts of 
the retina. If, now, the candle is moved to and fro, the figure will 
also move and follow the direction of the light. 
All these observations lead to the conclusion that we are thus 
enabled to perceive the shadows of the vessels of the retina. That 
these vessels cast a shadow behind them is clear, but that the shadow 
should be sufficient to cause a perception leads to the very important 
and interesting fact that the elements of the retina which receive the 
impression of light must lie behind the blood-vessels. The diagram 
in Fig. 2 will explain how the shadow of a vessel can produce an 
image. If the light is placed at a its image will be depicted upon 

the retina at 5. _At this particular spot no vessels will be seen, be- 
cause the light is too dazzling. But the image at b i'orms another 
source of light, and, if there is a vessel at v, then its shadow will be 
thrown upon c. /qow, the retina projects the image perceived at c, 
outward, through the optical centre k, to d where the vessel appears 
in tle field of vision. If the lght is now moved fl-om a to a', then 
the image will move from 5 to 5', the shadow fi'om c to c', and the 
image of the vessel from d to d', thus performing the same move- 
ment as the light. We d) not, however, generally perceive these 
retinal vessels, because usually the light falls upon the retina from all 
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The ophthalmoscope has bccome an instrument of incalculable 
value to the oculist. ]iany changes in the retina and interior of the 
eye, which are due to disease, can be observed and examined by means 
of the ophthalmoscope ; and, in fact, the medical treatment of the eye 
has made an immense advance since the discovery of this instrument. 

The.eyes of many animals--those of cats, for instance--exhibit a 
peculiar brilliancy, which is particularly remarkable in the dusk. It 
was formerly thought that the eyes of such animals emitted light in- 
dependently, as it was also thought that light could be emitted by the 
human eye, under the influence of passion. This brilliancy, however, 
in the eyes of these animals is caused by a carpet of glittering fibres, 
called the tapetum, which lies behind the retina, and is a powerful 
reflector. In perfect darkness no light is observed in their eyes, a 
fact which has been established by very careful experiments; but, 
nevertheless , a very small amount of light is sufficient to produce the 
luminous appearance in them. 

SCIENCE AND RELIGION AS ALLIES. 

JAMES THOMPSON BIXBY. 

HE antagonism between Science and Religion has become a com- 
monplace of literature. Both preachers and physicists have 
narrated with bitterness of spirit the battles which they have 
fought, the wrongs which they have suffered, the complaints which 
they have to make, the one against the other. The combative have 
plunged into the ml$e, and with slashing pen or tongu.e given it new 
asperity and new sources of grievance. The peaceful have endeav- 
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ored by various reconciling schemes to persuade the combatants to 
lay down their arms. Historical spirits have searched out and retold 
the forgotten incidents of the struggle ; the philosophic-minded have 
explored its secret springs. In one way or another all have drawn 
the attention of the world to the hostile attitude of the two. 
Now, it is true that there have been no small number of conflicts 
between science and religion. But is the whole account of the rela- 
tion of the two contained in this? Is there not another part to the 
story ? I believe that there is. 
Much, it seems to me, might be said in exhibition of the mutucd 
indebtedness of science and religion, as well as of their hostilities. 
Having heard so much of late about the latter, perhaps it may not be 
unprofitable to consider a little the other side of the shield. 
In the first place, religion is much indebted to science. Science 
has not been a mere iconoclast of everything sacred, but it has been 
a real helper in the progress of religion. 
In the marvelous adventures through which Rabelais conducted 
his hero Pantagruel, a clime was reached so cold that-the words of the 
men, it is said, as they passed the lips, froze and/'ell as hail on the 
deck; but, brought near the fire, the congealed words thawed and 
gave up their sounds. So, under the sunbeams of science, the dumb 
matter, the frozen thought of the Creator, melted into intelligible 
accents and spoke forth its secrets. Sun and cell, magnet and crys- 
tal, have each found a tongue and told the world of facts, exhibited 
to it achievements that, if predicted a thousand years ago, would 
have seemed like nothing but a chapter out of the Arabian 2Xights 
Entertainments. 
2X'ow, these triumphs of science hve not redounded merely to the 
empty glory of their hero, but they have been solid contributions also 
to the benefit of man and to the glory of God. 
What other argument for the existence of God has done more for 
theism than the argumeut from design ? In the admirable harmonies 
and adaptations of the world, the natural theologian finds the most 
convincing illustrations of a Supreme Intelligence anterior to the uni- 
verse. Whence is it that a knowledge of these instances of contriv- 
ance and order has been obtained ? Plainly, it is from the scientific 
study of Nature that the overpowering strength of th.is argument has 
been derived. Ordinary observation--to be sure--would, of course, 
first suggest the argument and present not a few illustrations. Three 
thouand years ago the Psalmist put those forceful questions--" He 
that planted the ear, shall he not hear? He that formed the eye, 
shall he not see ? He that teacheth man knowledge, shall not he 
know ?" 
Here lies, indeed, the gist of the whole argument from design. 
Yet it is to modern physical investigations, in anatomy, chemistry, 
natural history, that we owe those exquisite illustrations of curious 
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derfulness, any of its perfection, but rather has disclosed new marvels 
behind those Which first struck man's attention. The widening of 
the circle of the unknown has only served to confront us with deeper 
and deeper mysteries. Science has ruled out miracle and magic from 
the order of events, but it is to pick up the wizard's wand itself, bring 
up before us daily stranger and grander phenomena, only the more 
inexplicable and amazing because of the certainty we feel that some- 
how there is no exception in them to our most ordinary experience. 
Science has expelled witch and elf, nymph and demon and thus 
depopulated the supernatural world; but in the place of this uncanny 
brood, the thought of whose capricious intervention paralyzed the 
will and debauched the heart, the universe has been filled with the 
presence of One Eternal and Infinite, from whose perfect law we can 
never escape. The more clearly we discern the path on which science 
has led the world, the less fear shall we have that it is all a prepara- 
tion for precipitating us into some godless abyss. Put the case 
squarely before any one in its full significance and there is no one, I 
think, who would prefer to go back to the cosmic baby-house of the 
middle ages. Who would vault in again the immensity of space ? 
Who would cut down to six ordinary evenings and mornings the 
activity of Him who inhabiteth eternity ? Who would relinquish the 
confidence and hope inspired by the unswerving rogress of that 
single divine purpose that links the ages together ? 
Thus has science given to the cause of faith assistance which more 
than countervails whatever injury it may have done. 
And so has Religion also, in reality, helped science--helped, I be- 
lieve, even more than she has hindered. 
It is to the understanding that the great achievements of physical 
inquiry are commonly referred. Science is spoken of as a domain of 
dry light and clear-cut facts, and religion is contrasted with it as the 
realm of emotion. But how could the intellect have ever gained its great 
victories without the aid of the heart ? how could the senses have ever 
penetrated into qature as they have done, had they not been carried 
-on the wings of the spirit ? What could science accomplish without 
the emotions of enthusiasm and devotion, the instructive feeling of 
trnth and beauty, the love of ature for its own dear sake ? "It is 
in vain, I thinly," said Prof. Tyndall, at London, in 1869, " to separate 
moral and emotional nature from intellectual nature. Let a man but 
observe himself, and he will, if I mistake not, find that, in nine cases 
out of ten, moral or immoral considerations, as the case may be, are 
the motive force which push his intellect into action." The reading 
of the works of three men, he proceeds to say--Carlyle, Emerson, 
and Fichte--neither of them friendly to the scientific spirit, carried 
him victoriously through mathematical studies and physical investi- 
gati.ons, and made him the man of science that he is. To the same 
effect is the striking declaration of that other great leader of scien- 
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tific thought of to-day. "The great deeds of philosophers" says 
Prof. Huxley, "are less the fruit of their intellect than of the direc- 
tion of that intellect by an eminently religious state of mind." 
Consider the characteristics demanded in the successful study of 
Nature, and we shall discern the spiritual source whence these physi- 
cal triumphs come. 
One of the first requisites in the inductive method is the hum- 
ble-mindedness that will completely submit itself to the evidence of 
the facts. "Access to the kingdom of man which is founded on 
the sciences," Bacon aptly says, "resembles that to the kingdom of 
heaven, where no admission is conceded except to children." 
Another condition of success is the spirit of industry that is un- 
swerved by love of ease or idea of labor's dishonor. Another again 
is the candor that will look on all sides of a case and listen to every 
objection---consecration to truth as the primary object. These are the 
qualities which men of science set forth as the requisites for walking 
within the veil of the temple of ature. 
But what else are these than the very graces of Christianity ? 
Take the childlike mind that the founder of the inductive method 
demands: it is just what Christ enjoins. Take the fearless love of 
truth that seeks the absolute facts--the cause behind the cause. How 
long would it hold on its way did not spiritual aspiration ever feed 
its secret springs with the insatiable hunger after perfection ? Take 
that diligence in labor and honorable estimation of work 'hich is 
one of the essential instruments of scientific work and ask what is 
the impulse that has endowed modern Christendom with it. "Labor" 
as a German writer of weight has well pointed out "was considered 
by our heathen forefathers a dishonor ; and even in the present day 
where the gospel is not preached the stirring disposition, the as- 
siduity the spirit of enterprise in the people, is disproportionately 
less. The duty and dignity of work is one of the priceless gifts to 
modern science of him who said, 'lIy Father. is working up to this 
time and I work.' " 
Or consider tlat interest in ature that is such a powerful spring 
of 1)hysical inquiry. Consider that sacred claim of his vocation 
which the true servant recognizes--such a sense of it as leads a 
Lyonnet to spend his life counting the 40,000 muscles in a caterpil- 
lar's body ! Is it not the Christian spirit the belief that is, in the 
brotherhood of man and he duty of self-sacrifice--the feeling of 
filial loyalty to a Di'ine Father, all of whose works are significant, 
and all of whose service is noble--that as much as or nore than any- 
thing else, has given birth to it ? 
It is a sigular fact that the Greek and the Roman in spite of their 
great intellectual acuteness, accomplished so little in the penetration 
of ature's secrets. Vith the strong love of ihe beautiful that dis- 
tinguished the one and the profound sense of law that marked the 
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other, one would have supposed that they would have felt more the 
charm and loveliness of the outward world, and have taken a greater 
interest in discovering its unchangeable ordinances. Is it unreason- 
able to refer much of this to that difference of religion which consti- 
tutes the most striking distinction betw.een the classic and the Chris- 
tian world .9 In the first place, the selfish isolation, the jealous indi- 
vidualism of ancient life, gave no encouragement to that sense of 
common interests among all mankind which is the justification of 
the scientist's pecuniarily unprofitable labors. _Among the Greeks, 
while the feeling of devotion to the state, or rather city, was in- 
tense, the sentiment of the general welfare or the cause of humanity 
hardly existed. It was only with the advent of Christianity that the 
idea of mankind as one great family, each one of whom must labor 
for all the rest, came in. Tills idea has been the nurse, not only of 
modern civil freedom, but of modern science. "Not till the word 
barbarian was struck out of the dictionary of mankind," says Max 
Mttller, in his "Lectures on the Science of Language," "not till the 
right of all nations of the world to be classed as members of one 
genus or kind was recognized, can we look even for the first begin- 
ning of our science. This change was effected by Christianity." 
The grand thought that accompanied this sense of human broth- 
erhood, forming the other pole of gospel truth, viz., the belief in one 
God and Father of men, gave an equal contribution toward supIlying 
the intellectual soil needed for the prosperous growth of science. 
With the multitude of national and local gods, and even tribal or 
family divinities, which prevailed in the classic world, the minds of 
men were constantly diverted from that unity that is the scarlet 
thread in every royal cable of science. But monotheism, establishing 
unity in the divine realm, gave unity also to the order of Nature. 
While surrounding nations looked upon Nature in dread, and in blind 
superstition sacrificed their own little ones to the meteor or the vol- 
cano, the ttebrew, tracing all things up to the power of the eternal ] 
am, beside whom there is no other god, found, in all the forces and 
marvels of Nature fountains of good cheer and grateful praise. The 
earth was "the Lord's and the fullness thereof." "Dragons and all 
deeps, fire and hail, snow and vapor, stormy wind, fulfilling his word 
--all these were to praise the name of the Lord. For he commanded 
and they were created. He hath also established them forever and 
ever; he hath made a decree which shall not be moved" (Psalm 
cxlviii.). Christianity took up and diffused this grand view of the 
relation of Nature to God and to man. Though the appreciation of 
ature's beauty, order, and dignity, was swamped for a tbne by the 
tide of Oriental asceticism, Grecian metaphysics, and transformed 
polytheism, it rose gradually above it, and established itself firmly 
in the mind of Christendom. It is this new interest in all the aspects, 
changes, and laws of the material, vegetable, and animal realms, full as 
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wood-lice (such as talitrus and oniscus), in which the body is elon- 
gated and composed of many almost similar segments, the nervous 
system is not very different from that of the more highly-organized 
worms. 
In slightly higher forrs of Crustacea, however, the two divisions 
of the originally double ventral cord approximate and become fused to- 
gether, while, at the same time, the equality of its ganglia diminishes. 
Thus in such forms as the lobster and the crayfish, the ganglia of the 
thorax which supply nerves to the limbs are distinctly larger than 
those of the abdominal segments, though these are also of good size, 
since the tail-segments are actively called into play during locomotion. 
In the prawn a further development and concentration of the 
nervous system is seen. The thoracic ganglia are fused into a single 
elliptical mass, though those of the abdominal segments still remain 
separate. 
But in the ordinary edible crab and its allies (Fig. 4), a still more 
remarkable concentration of the nervous system is met with. All the 
thoracic and all the abdominal ganglia are here fused into one large 
perforated mass of nervous matter (c), situated near the middle of the 
ventral region of the body. 1 From this large compound ganglionic 
mass nerves are given off to the limbs, to the abortive tail, and to 
other parts. 
The brain of the crab (a) is represented by a rather small bilobed 
ganglion. It receives nerves from the pedunculated compound eyes, 
from the two pairs of antennee, and fl'om the palpi-bearing mandibles. 
The posterior antennee (or antennules, as they are sometimes termed) 
contain in their basal joint a body which is supposed to represent an 
olfactory organ, though others have regarded it (on very insufficient 
grounds) as an organ of hearing. The rather small bilobed brin is, 
indeed, regarded by many naturalists as essentially composed of three 
pairs of ganglia, completely fused into one another, but in relation 
with the three pairs of sensory organs--the eyes, the tactile antenna, 
and the supposed olfactory antennules. It is connected, by means of 
a long cord (b, b), on each side of the (esophagus, with the anterior 
extremity of the great ventral ganglion. These cords are long be- 
cause of the absence of any separate sub-(esophageal ganglia, and 
because of the comparative distance of the great ventral nervous 
mass into the composition of which these ganglia enter. The great 
length of the (esophageal cords is one of the most notable character- 
istics of the nervous system of the higher Crustacea. 
The "stomato-gastric" system of Crustacea is closely similar to 
that which exists in centipedes. One part of it is given off from the 
(esophageal cord on each side, while another median branch proceeds 
from the posterior part of the united cephalic ganglia, as in Iulus 
(Fig. a,f). 
 An artery passes through the perforation in this ganglion. 



The sub-cesophageal ganglia correspond in the main, as we have 
already stated, with the medulla oblongata of vertebrate animals, 
and their fusion with the thoracic ganglia in the Arachnida, as well 
as in the Crustacea and .Myrkpocla, confirms the view held by some 
anatomists, that the medulla should be regarded as a prolongation of 
the spinal cord, rather than as an integral "part of the brain. 

Fro. 6.--:Nvovs SYsT: o A IsSCT (Acrida virdissima). 

The nervous system of insects varies not only among different 
classes and orders, but even in the same individual, in different stages 
of its development. The larva, or caterpillar, of a butterfly, for in- 
stance, presents a nervous system not very different from that met 
with in the centipede; while in the imago stage, or perfected insect 
the same system has undergone some remarkable changes, leading to 
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increased size of the cerebral gangli% and also to further development 
of some of the ganglia pertaining to the ventral cord with concentra- 
tion or even suppression of others. 
In such insects as butterflies bees and dragon-flies in which the 
visual organs are enormously developed, and in which the power of 
vigorous and sustained flight is correspondingly increased the nervous 
system attains its maximum of development among the Artlropoda. 
The brain of these creatures differs from that existing in all other 
members of the class by reason of the great develolment of those 
portions of it in relation with the visual organs. A ganglionic swell- 
ing is frequently found where the nerve joins the brain (Fig. 6,.B,) and 
in some insects there are also small ganglionic swellings at the cor- 
responding parts of the antennal nerves. 
As in spiders the (esophageal ring is very narrow owing to the 
greatly-diminished size of the (esophagus in the imago tbrms or" higher 
insects. The double upper or cerebral ganglion is, however con- 
nected in all insects with a separate sub-(esophageal ganglion from 
which nerves are given off to the mandibles the maxillm and the 
labium, though in spiders crustaceans, and myriapods, as I have before 
stated this part has no existence separate from the thoracic ganglia. 
In insects the three thoracic ganglia also often preserve a separate 
existence (Fig. 6), though in such higher types as I have named above 

FIG. .--BRAIN AND ADJACENT PARTS f)l ERVOUS SYSTEM OF TH PRIVET OTH IN THE 
PUPA STATE. 

these ganglia are more frequently fused into a single lobed mass. 
The eight abdominal ganglia which are always much smaller than 
the thoracic, continue to have a separate existence among some of the 
less developed types of insects though it is more frequent for some: 
or even al! of them to disappear. 
The stomato-gastric system also attains considerable comllexity 
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in these animals. It is often connected anteriorly with a median 
fi'ontal ganglion (Fig. 7, 7), lying anterior to and below the brain, 
which supplies branches to the mouth and adjacent parts. This oral 
or frontal ganglion, besides being connected with the brain, also gives 
origin to a median recurrent nerve (e). This nerve is connected with 
other branches, proceeding from one or two pairs of lateral ganglia (c), 
near to, and taking origin from, the cesophageal cords. The system 
of nerves thus derived furnishes branches to the stomach, the intes- 
tines, and other viscera. In addition, we meet in insects with another 
well-developed set of visceral nerves, taking origin fl'om a chain of 
minute ganglia, which lie upon and are connected with the large 
ventral ganglionated cord. These nerves are distributed to the ex- 
tensive and greatly multiplied air-tubes, or respiratory organs. They 
are known to anatomists as "nervi transversi," and are much more 
developed in insects than are its representatives among any other 
class of a,'thropods. 

]IODERN SCIEh'TIFIC GEOGRAPHY.  

By Dm I1ERMANN J. KLEIN. 
'A]IO-G the various branches of natural science which have in re- 
cent times attained a high developm.ent, geography holds a prom- 
inent rank. By this, however we must understand not so much that 
vast regions of previously unexplored country have been made known 
to the educated world ; that rivers, seas, and mountains, have been dis- 
covered, and the courses of known streams more accurately defined in 
maps ; but rather that geotectonic  data, of which a rich store has been 
collected, have been studied from broad and general points of view, 
and the individual phenomena ranged in the order of cause and effect. 
In earlier times geography was simply a catalogue of facts, and the 
earth's surface an ultimate datum; but nowadays we are beginning 
to regard the superficies of our planet as a result, to investigate the 
relations betweeu its separate parts, and to note the changes which 
occur in it. In the words of Karl Ritter: " Scientific geography by 
no means regards our planet as a lifeless, dead aggregate of an unor- 
ganized nature, or, as Herodotus expresses it, a disk turned on a lathe ; 
but as a truly and specially organized body in steady process of 
development, bearing within itself the life-germs of further evolution. 
tterein consists its unity ; and it is in virtue of this, its living princi- 
ple, that it is a whole, lending itself to an orderly presentation and 
development of its great system. Furthermore, it is this which 
makes of it a science instructive to the human mind--an indispensa- 
 Translated from the German by J. Fitzgerald, A. M. 
a Relating to the earth's structure. 
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ble portion of the system of the sciences." True, even in this broad 
conception, Ritter conveys no adequate ide of what scientific geog- 
raphy is. Itis illustrious labors were restricted to a narrower field 
and we may say that he worked only upon a part of the foundations 

of the proud edifice which future ages will behold. Still, so far are 
we from wishing to discredit the important services rendered by this 
great geographer that we are free to confess that he achieved all that 
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was possible in his day. Scientific geography is dependent upon a 
number of other sciences, and its progress is conditioned upon the 
development of these. No other science is so ill adapted as geogra- 
phy to advance independently and without external aid. When the 
astronomer aims at new applications of the theory of disturbance, 
or when the physicist studies the phenomena of polarization ; when 
the chemist undertakes to break up combinations of elements, or the 
geologist investigates the relations subsisting between different strata, 
each of these investigators labors in his own province, almost entirely 
without reference to the progress made in other departments of 
science. But when, on he contrary, a traveler, like the enterprising 
Lieutenant Cameron, traverses broad continental regions over unex- 
plored paths, the gain to scientific geography from such undertakings 
in great measure depends upon the development of astronomy, meteo- 
rology, geology, etc., inasmuch as it is by the aid of these sciences that 
we can discuss the observations that have been made, and turn them 
to account for ulterior conclusions. Then, too, we must not overlook 
those sciences which have to do with organic Nature and whichJcon- 
sider from higher points of view the distribution of living beings. 
Bearing all this in mind, we can readily perceive how intimate is the 
connection between geography and all the natural sciences. Hence 
it is that in earlier times the idea of scientific geography could hardly 
be entertained. At first geography offered little besides an imper- 
fectly-arranged mass of descriptions of strange lands and curious 
things; next it gradually invaded the domain of statistical facts; 
then the relations of the history of nan to the earth's configuration 
were recognized and elucidated ; at last came'scientific geography, 
which investigates the relations between the structure of the earth 
and the sum of all terrestrial phenomena, both organic and inor- 
ganic. The following instance will show the distinction between 
ordinary (descriptive) geography and scientific geography. 
No inconsiderable part of the. surface of terra.firma consists of des- 
erts, those vast, dry, and in part sandy regions, the type of which is the 
Sahara. The old descriptive geography gives the geographical situa- 
tion of these wastes, their superficial extent, the number and site of 
their oases, the names of the mountain-regions which traverse them, 
and perhaps a few observations after the manner of anecdotes upon 
the intense heat which prevails in such regions, and the perils of a 
journey through the desert. 
Scientific geograp.hy, on the other hand, regards these descrts as 
an integral part of the terrestrial organism, and shows how their oc- 
currence is not accidental, but a necessary result of the past and pres- 
ent distril)ution of land and water, and of the position of the zone of 
calms. It exhibits to us he process of forming deserts still active, 
inasmuch as there exist centres of sand-radiation. It solves for us 
the enigma of the formation of springs in the oases, inasmuch as it 
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rejects as unverified the asserted absolute rainlessness of the deserts 
and in the precipitated meteoric water finds a sufficient supply 
the wells of the low-lying oases. With the aid of meteorology it 
shows how one cntinent tends to reduce another to the condition of a 
desert ; and, taking man into the sphere of its observations, it dis- 
cusses the influence of the soil and the configuration of a region upon 
the course of culture-development therein and even Ul)On the develop- 
ment of peculiarities of speech. Scientific geography in this way 
vivifies the dead superficies of our planet and gives to the conven- 
tional lines of ama I) the power of speaking a language that is under- 
stood by the educated mind. 
The endeavor to meet the requirements of a higher geography is 
also to be seen in the better style of our modern maps. Thus, whereas 
in former times the seas were represented by blank spaces surround- 
ing the land, now we have the results of soundings carefully repre- 
sented, and the lines of equal depths, as they are more or less parallel 
to the present contours of the coast supply to the geographer valuable 
data with respect to the formation of the land itself. On looling at 
the sketch of the )Iediterranean Sea, in which various depths trom 
fifty to five hundred fathoms are represented the reader will perceive 
far more clearly than he could from the mer.e, contour of the coasts 
that not taking the Black Sea into account, the )iediterranean Sea 
proper consists of two great basins viz. a western basin extending 
from Gibraltar to Cape ]on and the southwestern extremity of Sicily 
and an eastern basin extending thence to the coast of Syria. The 
shallow depth between Africa and Sicily, and especially the track of 
the hundred-fathom line shown in our map by a dotted curve prove 
that, at a time not very remote geologically Africa and Europe were 
much nearer to one another than they are now and that in the still 
remoter past the two continents were connected at this point. In 
all probability this union existed at a period when as yet he present 
southern shore of the eastern )Iediterranean basin had not been up- 
heaved, and the sea covered a portion of what is now the Sahara. 
French investigators have supposed that the most recent retreat of 
the sea was from the Syrtis )Iinor; nay, that even in historic times 
the great Algerian Chotts were directly connected with the ]Iediler- 
ranean as an arm of that sea. But this hypothesis is negatived by G. 
Staches discovery of a stratum characterized by land and fi'esh-waer 
shells, at the base of the Quaternary formations which constitute the 
coast of the Gulf of Gabes. 
If we take up a geological chart, e. g., the beautiful "General 3lap 
of the Sedimentary Formations of Europe," by H. Habenicht, we find 
nothing that contradicts these conclusions. Thus the Eocene forma- 
tions, which are widely diffused oer the northern extremity of Africa, 
and especially in Tunis, occur again in the island of Sicily, while the 
southern and the southwestern portion of that island show the most 
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recent Tertiary strata. These same strata form the coast of Syrtis 
Iajor, where yet the Iediterranean extends farthest southward, and 
where probably was situated the last channel through which water 
was supplied to the sea that once covered a portion of the Sahara. 
That here gradual upheavals of the land have taken place , each up- 
heaval succeeded by a protracted season of repose, is shown by the 
terraces, the origin of which is so well known to the geologist. Ger- 
hard Rohlfs found these terraces as he ascended the rising ground 
back of Tolmita, the ancient ltolemais. He observes that these ter- 
races are separated from one another by levels several miles in width.  
But if, turning aside from these geological considerations, we again 
glance at our map of relative depths, we almost everywhere find that 
a fiat coast accompanies a shallow sea; while, on the other hand,  
mountainous coast implies a sudden and precipitous inclination of the 
neighboring sea-bottom. This would more plainly appear if our map 
were on a larger acale, and had a greater number of depth-curves for 
the purpose of comparison. This fact might be accounted for by 
supposing that the comparatively sudden upheaval of the coast-hills 
was connected with a considerable depression of the neighboring sea- 
bottom, while the slow and periodic sinking of the flatter portions 
gave rise to submarine terraces. But, aside from this hypothesis, the 
representation of graduated submarine depths has a significance not 
to be misunderstood in geological, zoSlogical, and botanical investi- 
gations. 
Turning now from the sea to the land, we find in our best modern 
maps a number of figures indicating, as accurately as possible, the 
elevations; nay, even the attempt has been made, in the magnificent 
atlas of Switzerland to show the elevations by means of equidistant 
curves. The Lehmann nethod of representing the surface of a coun- 
try with equidistant level-lines would be, in many respects, of the 
highest service for the study of the earth's surface, but as yet it can 
be practically employed only in individual cases, partly from the want 
of materials, partly also on account of technical difficulties. 
Cartography is a powerful aid to scientific geography, inasmuch 
as it arranges in true projection a g'eat mass of heterogeneous mate- 
rials, bringing it before the eye within small space, and thus making 
apparent relations which else could hardly be noticed. As for politi- 
cal geography, _viz., the description of the various empires of the 
world, their area, provinces, population, etc., this we would regard 
rather as a branch of statistics than of geography proper.--Gaea. 

 "Von Tripolis nach Alexandrien," 1. Bd,, S. 169. 
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BY HERBERT SPENCER. 

GLACE at the respective antecedents of individual organisms 
and social organisms shows why the last admit of no such defi- 
nite classification as the first. Through a thousand generations a spe- 
cies of plant or animal leads substantially the same kind of life; and 
its successive members inherit the acquired adaptations. Vhen 
changed conditions cause divergences of forms once alike, the accumu- 
lating differences arising in descendants only superficially disguise the 
original identitymdo not prevent the grouping of the several species 
into a genus; nor do wider divergences that began earlier prevent 
the grouping of genera into orders and orders into classes. It is oth- 
erwise with societies. IIordes of primitive men dividilg and subdi- 
viding do, indeed, show us successions of small social aggregates 
leading like lives, inheriting such low structures as had resulted and 
repeating those structures. But higher social aggregates propagate 
their respective types in much less decided ways. Though colonies 
tend to grow like their parents, yet the parent societies are so com- 
paratively plastic, and the influences of new habitats on the derived 
societies are so great, that divergences of structure are inevitable. 
In the absence of definite organizations, established during the simi- 
lar lives of many societies descending one from another, there cannot 
be the precise distinctions implied by complete elassification. 
Two cardinal kinds of differences there are, however, of which we 
may avail ourselves for grouping societies in a natural manner, lri- 
marily we may awange them, according to their degrees of composi- 
tion, ,s simpl% compound, doubly-compound, trebly-core.pound ; and, 
secondarily though in a less specific way, we may divide them into 
the predominantly predatory and the predominantly industrialthose 
in which the organization for offense and defense is most largely de- 
veloped and those in which the sustaining organization is most largely 
developed. 
We have seen that social evolution begins with small, simple ag- 
gregates; that it progresses by the clustering of these into larger 
aggregates; and that after consolidating such clusters are united 
with others like themselves into still larger aggregates. Our classi- 
fication, then, must begin with societies of the ill:st or simplest order. 
We cannot in all cases say with precision what constitutes a simple 
society; for, in common with products of evolution generally socie- 
ties present transitional stages which negative sharp divisions. As 
the multiplying members of a group spread and diverge gradually, it 
 Abridged from advance-sheets of the "Principles of Sociology," Part II. "The In- 
duction of Sociology," Chapter X. "Social Types and Constitutions." 
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is not always easy to decide when the groups into which they fall 
become distinct. Here the descendants of common ancestors inhab- 
iting a barren region have to divide while yet the constituent fami- 
lies are near akin ; and ther% in a more fertile region, the group may 
hold together until clusters of families remotely akin are formed-- 
clusters which, diffusing slowly are held by a common bond that 
slowly" weakens. By-and-by comes the complication arising from the 
presence of slaves not of the same ancestry or of an ancestry but dis- 
tantly llied ; and these, though they may not be political units must 
be recognized as units sociologically considered. Then there is the 
kindred complication arising where an invading tribe becomes a dom- 
inant class. Our only course is to regard as a simple society one 
which forms a single working whole, unsubjected to any other, and of 
which the parts coSperat% with or without a regulating centre, for 
certain public ends. Here is a tabl% presenting, with as much definite- 
ness as may be, the chief divisions and subdivisions of such simple 
societies. 1 . . . 
We pass now to the classification based on unlikenesses between 
the kinds of social activity which predominate, and on the resulting 
unlikenesses of organization. The two social types thus essentially 
contrasted are the predatory and the industrial. 
It is doubtless true that no definite separation of these can be 
made. Excluding a few simple groups, such as the Esquimaux inhab- 
iting places where they are safe from invasion all societies, simple 
and compound, are occasionally or habitually in antagonism with 
other societies; and, as we have seen, tend to evolve structures for 
carrying on offensive and defensive actions. At the same time sus- 
tentation is necessary and there is always an organization, slight or 
decided for achieving it. But while the two systems in social organ- 
isms, as in individual organisms, coexist in all but the rudimentary 
forms, they vary immensely in the ratios they bear to one another. 
In some cases the structures carrying on external actions are largely 
developed; the sustaining system exists solely for their benefit, and 
the activities are militant. In other cases there is predominance of 
the structures carrying on sustentation; offensive and defensive 
structures are maintained only to protect them ; and the activities 
are industrial. At the one extreme we have those warlike tribes 
which, subsisting mainly by the chase, make the appliances for deal- 
ing with enemies serve also for" procuring food, and have sustaining 
systems represented only by their women, who are their slave-classes ; 
while at the other extreme we have the type, as yet only partially 
evolved, in which the agricultural manufacturing, and commercial 
 Three elaborate tables are here given in the text of Spenccr's work, classifying the 
social aggregates of mankind into "Simple Societies" "Compound Societies" and 
 Doubly-Compound Societies." We are compelled to omit them and the accompanying 
text for want of space. 
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of rank in the community, and complete submission of each rank to 
the ranks above it. We see this in the society already instanced, as 
showing, among advanced savages, the development of the militant 
type. In Feejee six classes are enumerated, fl'om king down to slaves, 
as sharply marked off. Similarly in Iadagascar, where despotism.has 
been in late times established by war, there are several grades and 
castes. Among the Dahomans, given in so great a degree to blood- 
shed of all kinds, "the army, or, what is nearly synonymous, the 
nation," says Burton, "is divided, both male and female, into two 
wings;" and then, cf the various ranks enumerated, all are charac- 
terized as legally slaves of the king. In Ashante% too, where his 
officers are required to die when the king dies, we have a kindred con- 
dition. Of old, among the aggressive t'ersians, grades were strongly 
marked. So was it in warlike ancient Iexico. Besides three classes of 
nobility, and besides the mercantile classes, there were three agricultu- 
ral classes down to the serfs--all in precise subordination. In Peru, also, 
below the Inca there were grades of nobility--lords over lords. More- 
over, according to Garcilasso, iu each town the inhabitants were regis- 
tered in decades under a decurion, five of these under a superior, two 
such under a higher one, five of these centurions under  head, two 
of these under one who thus ruled a thousand men, and for every ten 
thousand there was a governor of Inca race; the political rule being 
thus completely regimental. Till lately, another illustration was fur- 
nished by Japan. That there were kin,lred, if less elaborate, struct- 
ures in ancient militant states of the Old World, scarcely needs 
saying; and that like structures were repeated in medimval times, 
when a large nation, like France, had under the monarch several 
grades of feudal lords, vassals to those above, and suzerains to those 
below, with serfs under the lowest, again shows us that everywhere 
the militant type has sharply-marked social gradations, as it has 
sharply-marked military gradations. 
Corresponding to this natural government, there is a like form of 
supernatural government. I do not mean merely that, in the ideal 
other-worlds of militant societies, the ranks and powers are conceived 
as like those of the real world around, though this also is to be noted ; 
but I refer to the militant character of the religion. Ever in antag- 
onism with other societies, the life is a life of enmity, and the reli- 
gion a religon of enmity. The duty of blood-revenge, most sacred 
of all with the savage, continues to be the dominant duty as the mili- 
tant type of society evolves. The chief, balked of his vengeance, 
dies enjoining his successors to avenge him; his ghost is propitiated 
by fulfillment of his commands; the slaying of his enemies becomes 
the highest action; trophies are brought to his grave in token of ful- 
fillment ; and, as tradition grows, he becomes the god worshiped with 
bloody sacrifices. Everywh ere we find evidence. The Feejeeans offer 
the bodies of their victims killed in war to the gods before cooking 
VOL. IX.--46 
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Passing to more evolved societies, it must be observed, first s that 
the distinctive traits of the industrial type do not become marked, 
even where the industrial activity is considerable, so long as the in- 
dustrial government remains identified with the political. In h- 
nicia, for example, the foreign wholesale trade seems to have be- 
longed mostly to the state, the kings, and the nobles .... Ezekiel 
describes the King of Tyrus as a prudent commercial prince, who finds 
out the precious metals in their hidden seats, enriches himself by get- 
ting them, and increases these riches by further traffic." Clearly, where 
the political and military heads have thus themselves become the 
heads of the industrial organization, the traits distinctive of it are 
prevented from shoving themselves. Of ancient societies, to be 
named in connection with the relation between industrial activities. 
and free institutions, Athens will be at once thought of; and, by con- 
trast with other Greek states, it showed this relation as clearly as can 
be expected. Up to the time of Solon, all these communities were 
under either oligarchs or despots. The rest of them, in which war 
continued to be the honored occupation, while industry was despised, 
retained this political type ; but in Athens, where industry was regard- 
ed with comparative respect, where it was encouraged by Solon, and 
where immigrant artisans found a home, there commenced an indus- 
trial organization, which, gradually growing, distinguished the _A_the- 
nian society from adjacent societies, as it was distinguished from 
them by those democratic institutions that simultaneously developed. 
Turning to later times, the relation between a social rgime pre- 
dominantly industrial and a less coercive form of rule, is slown us 
by the Itanse Towns, by the towns of the Low Countries, out of 
which the Dutch Republic rose, and in high degrees by ourselves, by 
the United States, and by our colonies. Along with wars less fre- 
quent, and these carried on at a distance; and along with an accom- 
l)anying growth of agriculture, manufactures, and commerce, beyond 
that of Continental states more military in habit--there has gone in 
England a development of fi-ee institutions. As further implying 
that the two are related, as cause and consequence, there may be 
noted the fact that the regions whence changes toward greater politi- 
cal liberty have come are the leading industrial regions; and that 
rural districts, less characterized by constant trading transactions, 
have retained longer the earlier type, with its appropriate sentiments 
and ideas. In the form of ecclesiastical government we see parallel 
changes. Where the industrial activities and structures evolve, this 
branch ot" the regulating system, no longer, as in the predatory type, 
a rigid hierarchy, little by little loses strength, while there grows up 
one of a different kind; sentiments and institutions both relaxing. 
Right of private judgment in religious matters gradually establishes 
itself along with establishment of political rights. n place of a uni- 
form belief inperatively enforced, there come multiform beliefs vol- 
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uutarily accepted; and the ever-multiplying bodies espousing these 
beliefs instead of being governed despotically govern themselves 
after a manner lnore or less representative. Military conformity, co- 
ercively maintained gives place to a varied non-conformity main- 
tained by willing union. 
The industrial organization itsel.f which thus as it becomes pre- 
dominant affects all the rest of course shows us in an especial degree 
this change of structure. From the primitive predatory condition, 
under which the master maintains slaves to work for him, there isa 
transition through stages of increasing freedom to a condition like 
our own in which all who work and employ buy and sell are entirely 
independent; and in which there is an unchecked power of forming 
associations that rule thenselves on democratic principles. Combina- 
tions of workmen and counter-combinations of employers no less 
than political societies and leagues for carrying on this or that agi- 
tation show us the representative mode of government; which char- 
acterizes also every joint-stock company for mining, banking railway- 
making or other commercial enterprise. Further we see that as in 
the predatory type the military mode of regulation ramifies into all 
minor departments of social activity so here does the industrial 
mode of regulation. )Iultitudinous objects are achieved by spon- 
taneously-evolved combinations of citizens governed representatively. 
The tendency to this kind of organization is so ingrained tha.t for 
every proposed end the proposed means is a society ru]ed by an 
elected committee headed by an elected chairman--philanthropic 
associations of multitudinous kinds literary institutions libraries 
clubs, bodies for fostering the various sciences and arts etc. etc. 
Along with all which traits there go sentiments and ideas con- 
cerning the relation between the citizen and the state opposite to those 
accompanying the predatory type. In place of the doctrine that the 
duty o" obedience to the governing agent is unqualified, there arises 
the doctrine that the will of the citizens is supreme and the governing 
agent exists merely to carry out their will. Thus subordinated iu 
authority the regulating power is also restricted in range. Instead 
of having an authority extending over actions of all kiuds it is shut 
out from large classes of actions. Its control over ways of living in 
respect to food, clothing alnusements is repudiated; it is not allowed 
to dictate modes of production, nor to regulate trade. /or is this 
all. It becomes a duty to resist irresponsible government, and also 
to resist the excesses of responsible government. There arises a 
tendency in minorities to disobey even the legislature deputed by the 
majority when it interferes in certain ways; and their oppositions to 
laws they condemn as inequitable from time to time cause abolition 
of them. With which changes of political theory and accompanying 
sentiment is joined a belici' implied or avowed that the combined 
actions of the social aggregate have for their end to maintain the 
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conditions under Which individual lives may be satisfactorily carried 
on; in place of the old belief that individual lives have for their end 
the maintenance of this aggregate's combined actions. 
These pervading traits, in which the industrial type differs so 
widely from the predatory type, originate in those relations of indi- 
viduals implied by industrial activities, which are wholly unlike those 
implied by predatory activities. All trading transactions, whether 
between masters and workmen, buyers and sellers of commodities, or 
professional men and those they aid, are effected by free exchange. 
For some benefit which A's occupation enables him to give, B will- 
ingly yields up an equivalent benefit; if not in the form of something 
he has produced, then in the form of money gained by his occupation. 
This relation, in which the mutual rendering of services is unforced 
and neither individual subordinated, becomes the predominant rela- 
tion throughout society, in proportion as the industrial activities pre- 
dominate. Daily determining the thoughts and sentiments, daily 
disciplining all in asserting their own claims, while forcing them to 
recognize the correlative claims of others, it produces social units 
whose nental structures and habits mould social arrangements into 
corresponding forms. There results this type characterized through- 
out by that same individual freedom which every commercial trans- 
action implies. The coSperation by which the multiform activities 
of the societies are carried on becomes a voluntary coSperation. 
And while the developed sustaining system, which gives to a social 
organism the industrial type, acquires for itsclf, like the developed 
sustaidng system of an animal, a regulating apparatus of a diffused 
or uncentralized kind, it tends also to decentralize the primary regu- 
lating apparatus, by making it derive from more numerous classes its 
deputed powers. 

ecessarily the essential traits of these two social types are in 
most cases obscured, both by the antecedents and by the coexisting 
circumstances. Every society has been, at each past period, and is 
at present, conditioned in a way more or less unlike the ways in 
which others have been and are conditioned, tIence, the production 
of structures, characterizing one or other of these opposed types, is, 
in every instance, furthered, or hindered, or modified, in a special 
manner. Observe the several kinds of causes. 
There is, first, the deeply-organized character of the particular 
race, coming down from-those prehistoric times during which the 
diffusion of mankind, and differentiation of the varieties of man, took 
place. Very difficult to change, this must in every case qualify dif- 
ferently the tendency toward assumption of either type. 
There is, next, the effect due to the immediately preceding mode 
of life and social type. early always the society we have to study 
contains decayed institutions and habits belonging to an ancestral 
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the type to develop from the original predatory form to the form 
which industrial activity generates. 
Especially where the two races, contrasted in their natures, d9 
not mix, social coSperation implies a compulsory regulating system; 
the military form of structure, which the dominant impose, ramiiies 
throughout. Ancient Peru furnished an extreme case; and the Otto- 
man Empire may be instanced. Social constitutions of this kind, in 
which aptitudes for forming unlike structures coexist, are manifestly 
in states of unstable equilibrium. Any considerable shock dissolves 
the organization; and, in the absence of unity of tendency, rei!stab- 
lishment of it is difficult, if not impossible. In cases where the con- 
quering and conquered, though widely unlike, intermarry extensively, 
a kindred effect is produced in another way. The conflicting tenden- 
cies toward different social types,, instead of existing in separate 
individuals, now exist in the same individual. The half-caste, inher- 
iting f'om one line of ancestry proclivities adapted to one set of insti- 
tutions, and from the other line of ancestry proclivities adapted to 
another set of institutions, is not fitted for either. He is a unit whose 
nature has not been moulded by any social type, and therefore cannot, 
with others like himself, evolve any social type. Iodern Iexico and 
the South American republics, with their perpetual revolutions, show 
us the result. 
It is observable, too, that, where races of strongly-contrasted na- 
tures have mixed more or less, or, remaining but little mixed, occupy 
adjacent areas subject to the same government, the equilibrium main- 
tained so long as that government keeps up the coercive form sl.ows 
itself to be unstable when the coercion relaxes. Spain, with its di- 
verse peoples, Basque, Celtic, Gothic, Ioorish, Jewish, partially min- 
gled and partially localized, shows us this result. 
Small differences, however, seem advantageous. Sundry instances 
point to the conclusion that a society formed from nearly-allied peo- 
ples, of which the conquering eventually mingles with the conquered, 
is relatively well fitted for progress. From their fusion results a com- 
munity which, determined in its leading traits by'the character com- 
mon to the two, is prevented by their differences of character from 
being determined in its minor traits--is left capable of taking on new 
arrangements determined by new influences : medium plasticity allows 
those changes of structure constituting advance in heterogeneity. 
One example is furnished us by the Hebrews, who, notwithstanding 
their boasted purity of blood, resulted from a mixing of many Semit- 
ic varieties in the country east of the :Nile, and who, both in their 
wanderings and after the conquest of Palestine, went on amalgamat- 
ing kindred tribes. Another is supplied by the Athenians, whose 
progress had for antecedent the mingling of numerous immigrants 
fi'om other Greek states with the Greeks of the locality. The fusion 
by conquest of the Romans with other Aryan tribes, Sabini, Sabelli, 
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The objections to civil hospitals as now stated may be said to be: 
1. As institutions, they tend to weaken the family tie by separating 
the sick from their homes and their relatives, who are often too ready 
to relieve themselves of the burden of the sick and helpless of their 
family. Besides, when one or more of a family are removed those 
left at home are in an uncertain state of mind, and, in many instances, 
in an unprotected condition. 2. The inmates of pauper hospitals are 
liable to come in contact with bad influences" familiarity with suffer- 
ing, unaccompanied by the occupation of relieving those who are 
suffering, ends in hardening the sensibility, especially in the young. 
3. Like all public and general charities without the safeguard that 
personal knowledge affords, hospitals tend to foster idleness and help- 
lessness and their natural results, pauperism and crime. 4. When 
badly constructed or badly managed, they are liable to cause hospital- 
diseases among the inmates and become centres of infection, thus 
defeating the very object they are intended to promote. 
On the other hand the arguments in favor of civil hospitals are: 
1. They are a necessity under many circumstances for giving shelter 
to the sick and helpless, and are supposed to be the most economical 
method of providing for the sick poor. 9. They are of very great 
value as affording an opportunity for the comparative study of dis- 
eases, and for giving practical instruction in the science of medicine 
and the art of nursing to the greatest advantage and thus, by help- 
ing directly a few individuals, indirectly rendering a service of incal- 
culable value to the world. 3. ]:)uring contagious epidemics they are 
a ready means of providing for those who are infected and by their 
isolation, preventing the spread of disease. 
As means toward checking the undesirable multiplication of ex- 
pensive institutions, toward preventing hospitals from breaking up or 
interfering with the family tie, and at the same time to keep them from 
egendering pauperism, we suggest: 1. Do all that can be done to 
enlighten the poor to help themselves, and to avoid the causes of dis- 
ease. 2. Give indirect help by improving the condition of the homes 
of the poor by strict laws in regard to the existence and building of 
all dwelling-houses, manufactories, schools etc., etc., and in 'egard to 
the sale of food. 3. Limit hospital accommodations to those who 
have no homes, and to those who cannot be assisted at their homes. 
It is doubtful if the state can give direct out-door help, even 
ical help, without doing more harm than good. It can only be done 
wisely by establishing a Bureau of Intelligence in connection with the 
police department, with offices at each police station, where the names 
and the numbers of the inmates in every house in the precinct or dis- 
trict would be known, and where, from personal knowledge, a record 
of all individuals receiving help--as to their circumstances, the amount 
of aid given, etc.--would be. kept. As far as possible, all help rendered 
should be guided by this knowledge and it should be obligatory on 
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and testing the various views and sug- 
gestions that had been proposed and 
arriving at new and important conclu- 
sions in regard to the causes of which 
he was in search, tie then subjected 
these conclusions to elaborate experi- 
mental verification by newly-devised ap- 
patus, and original researches in the 
Royal Institution, with the attainment 
of results which will probably take 
their permanent place among the prin- 
ciples of acoustical science. At any 
rate, the subject, with its accumulated 
difficulties, had never before received 
so efficient a sifting and overhauling; 
and it was this that Prof. Tyndall meant, 
and had a right to mean, by the phrase 
"systematic inquiry into causes," in 
which he characterized his work. The 
writer in the Tribune can entertain his 
own views as to what that phrase sig- 
nifies in dealing with the phenomena 
of Nature, but Prof. Tyndall will be 
perfectly easy in leaving this matter 
to the judgment of scientific men. 

THE AMERICA.V ASSOCIATIO.V AT BUF- 
FALO. 
THE meeting of the American Asso- 
ciation for the Advancement of Science, 
which began August 23d and lasted a 
week, has been unusually successful. 
There was a strong atten<lance of mem- 
bers, and a greater number than at any 
previous session of foreigners distin- 
guished in science. A large number of 
papers were contributed to the proceed- 
ings, several of them important and of 
marked originMity. Prof. Rogers pre- 
sided with characteristic dignity and 
grace, and the retiring president, Prof. 
Hilgard, gave an instructive address, 
devoted mainly to his own department 
of study, and giving a sketch of the 
p'ogress of the scientific measurements 
and mapping of the earth. 
And the meeting was a success so- 
cially as well as scientifically. The cit- 
izens of Buffalo extended their hospi- 
tality in the most liberal manner to 

]nembers and visitors, and the local 
committee made efficient arrangements 
for the accommodation of all who de- 
sired it. There were the usual recep- 
tions, which were largely attended and 
much enjoyed. It is given to but few 
places to favor their guests with so pleas- 
ant a treat as a day at Niagara Falls. 
The Buffalo people owe their best 
thanks to Mr. Secretary Grote, of their 
young Academy of Sciences, for his 
efficient agency in securing the meeting 
to their town on this memorable year, 
as Philadelphia was a powerful rival for 
the honor. It is through this little sci- 
entific society, which has had to strug- 
gle on with insufficient means, sustained 
by a few who were heartily interested, 
that the citizens of Buffalo have been 
roused to invite the convention and to 
extend to its members so cordial a wel- 
come. We hope that the stimulus thus 
given to the public interest in scientific 
subjects will bear permanent fruit and 
result in establishing the Buffalo Acad- 
emy upon a liberal and permanent foun- 
dation. 
But, while Buffalo has 4one its duty 
admirably toward the Association, has 
the Association in turn done its duty to 
Buffalo Is duty in such a case a 
wholly one-sided thing, or are men of 
science such lions that they pay off 
their hosts by their bare presence  We 
do not suppose that the hospitable 
Buffalonians had an eye to what was to 
be got back from their guests, but obli- 
gations were nevertheless incurred, and 
it is proper to inquire how they were 
met. The citizens of that town, having 
no experience, did as those of other 
towns always do on these occasions-- 
promised themselves great pleasure in 
attending the sessions of the Associa- 
tion. They driftel in freely at the 
opening meetings, but, after being pep- 
pered for an hour with unintelligible 
terms, they generally withdrew in a 
quiet way, and with their ardor cooled 
for discussions that could but little in- 
terest people at large. 
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The obvious logic of the case must 
have been that although this scientific 
convocation was occupied with its own 
avowed and proper business yet so far 
as ordinary outside folks were con- 
cerned it was something of a "sell." 
Now we venture to think that this is 
all wrong and if the American Asso- 
ciation for the Advancement of Science 
were more liberally managed it would 
recognize an important duty that it 
owes the public in each city where it is 
invited to hold its sessions. Granting 
that its strict and special aim is the ad- 
vancement of science by original con- 
tributions to its various branches, and 
that its proper work is necessarily tech- 
nical, and to be carried on in the little 
meetings of the. scientists themselves 
it is nevertheless true that there is a 
side of science in which the public is 
deeply concerned and such a body as 
this, which goes annually from city to 
city and has a great power of influenc- 
ing the people for good, has no right 
to ignore its responsibility. The peo- 
ple are constantly appealed to by sci- 
entific men to give their money, while 
they live and when they die, for carry- 
ing on scientific investigations that are 
necessarily and largely expensive. Sci- 
entific men in fact must depend upon 
the public and be supported by it. 
They, therefore, incur obligations, and 
cannot escape them. ]f science is a 
beneficent agency for all, if scientific 
truth requires to be diffused that every 
grade of society may reap its benefits 
in some form, then men of science who 
have the knowledge and the capacity 
to present it in familiar and popular 
forms, are bound-to do what they can 
according to their gifts and opportu- 
nities to promote these objects. The 
American Scientific Association, every 
time it enters a new city to hold its 
meeting, should contribute something 
useful and valuable for the instruction 
and enlightenment of all classes. It is 
a peculiar opportunity which should 
not be thrown away and there are 

always men present competent to do 
the work, and who would cheerfully 
enter into it if i were a part of the 
regular a.rrangements of the Associa- 
tion. The British Association has done 
its duty in this respect for years. It 
has provided for the delivery of outside 
lectures popular lectures lectures to 
working-men given to the people in 
large halls by the best talent of the 
body and such gentlemen as Carpen- 
ter Tyndall Spottiswoode Frankland, 
Huxley Roscoe and others, have not 
hesitated to do their share of the work 
when called upon. otwithstanding 
all our talk of progress and the educa- 
tion of the people, the old monarchical 
and aristocratic country is far ahead 
of us in these matters. The American 
Association seems strangely indifferent 
to this aspect of its usefulness. It 
shirks its palpable duty in giving im- 
pulse and direction to general scientific 
education and this omission to provide 
instructive lectures for the people at 
its yearly meetings seems further to 
show that it cares nothing about sci- 
entific teaching in any shape for public 
purposes. 

TtlE .AIR I_V COURTS OF JUSTICE. 
JVDE lOn is dead; and we are 
informed he died of the foul air of the 
court-rooms in which he had officiated. 
Why should court-rooms poison those 
who frequent them, like Calcutta Black- 
Holes? We have not been often in 
such places but we were never in a 
court-room yet that we did not think 
a fit subject for the action of the grand- 
jury as an indictable nuisance from its 
bad ventilation. Lawyers seem to be 
a good deal behind the age in the ap- 
preciation of pure air. When the 
chemists have gone to different places 
after samples of foul air, they gen.eral- . 
ly report the worst from court-rooms. 
The way these are constituted for 
breathing-purposes is an excellent ex- 
ample of the way things are generally 
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